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NAH r 
ture and Strudlure of NEwSHAM's WA- 
TER-ExIN E, of NeEwcoMEN's FRE 
ENGINE, SAvERY's FiRE-ENGINE, and 
PAINE'SIMPROVEMENT of FIRE-ENGINES 
explain d. Of the Kor IIR. The Tur- 
ORY of the Tips: at large 1 9 


Dr HYDRAULICS we are to 
underſtand the Science of the Mo- 
tion of Fluids, and the Conſtruction 


of all Kinds of Inſtruments and Machines 


relating thereto; alſo the Nature of Springs, 
the Theory of the Tides, &c. are uſually 


X explain d under this Head. 


Tun Motion of Fluids, viz. their Deſcent 
or Riſe below or above the common Sur- 
face or Level of the Source or Fountain is 
cauſed either (1.) By the natural Gravity 


or Preſſure of the Fluid contained in the 


Reſervoir or Fountain; or (2.) By the 
Preſſure or Weight of the Air on the Sur- 
face of the Fluid in the Reſervoir, when 
it is at the ſame time either taken off, or 


diminiſhed, on ſome Part in Aqueducts, | 


or Pipes of Conduit. © (3:) By the Spring 
or elaſtic Power of 'compreifed or con- 


denſed Air, as in the common Water-En- 


_ gine. (4.) By. the Force or Preſſure of 


an as in all Nin of forcing 2 2 
c. 


T 


D |. 


HY DRAULITIe s- 
Sc. (F.) By the Power of Attraction, as 
in the Caſe of Tides, Sec. Of all which 


in Order. 


I. Tur moſt natural Motion of Fluids 
is that ariſing from the Force of their own 


Gravity, by which thoſe Parts which ſtand 


higheſt preſs upon others below them, till 
by that means they riſe to the ſame hori- 


5 zontal Level. Thus Water in a Fountain 


ABCD by its Preſſure raiſes that in the 


Aqueduct FG H to the ſame Height I K pl. yy 


LM, in every Direction or Poſition of the Fig. "i 


Du&t GH or GN; unleſs the Orifice of 


the ſaid Duct be below that Level, in which 
Caſe the Water will continually flow from 


the ſame. The Reaſon hereof 1s evident 


from the Principles of Hydroſtatics, where 
it was ſhewn, that the Preſſure of Fluids was 


in Proportion to the Altitude only, and not gc- 
cording to the Quantity thereof; and therefore 


the Effect or Riſe of the Fluid in the Dutt 
muſt be equal thereto. Or thus; The Velo- 
eich of the Fluid in the Dutt at L, is to that” 
in the Fountain at I K, as the Quantity of 
"the Fluid i in the Fountain is to that in the 
Duc in given Altitudes ; whence (from the 
Principles of Mechanics ) the Momentum of 


the Fluid in each will be TY and con- 
Now” B.z 2  ſequently 


HyDnrnAULICS 


ſequently an Equilibrium will enſue at 
equal Altitudes K and L in both. (Lx) 


ILXIX.) 1. Since the Particles of Fluids are to bs 
Conſider'd as ſmall ſolid Bodies, they muſt obſerve the 
fame Laws of Motion, and have their AMomenta deter- 
mined in the ſame Manner, as Bodies of larger Mag- 
nitude; that is, by the Maſſes or Ruantities of Matter 
drawn into their Veloctties. 
pl. XV. 2. Now tis evident the Velocities of the Fluid in 
Fig. 5. the Reſervoir AD, and in the Duda 8 L, muſt be as 
| the Quantities of Matter, or of the Fluid, contain'd in 
equal Altitudes in each inverſely; that is, as the Cylin- 
der TV W L to the Cylinder IC DK. For when all 
the Fluid in the Cylinder ICDK is paſs'd into the 
Tube 8 H, it will fill a Space above VW in that Tube, 
or make a Cylinder equal to the former. Now ſinee 
all Cylinders are as their Baſes and Altitudes jointly.; 
if B be the Baſe, and H = the Height or Altitude of 
the Cylinder IC DK ; and , h, the Baſe aud Altitude 
of the equal Cylinder in the Tube above VW; then 
becauſe BXH X b, we have H. h:: h: B, but 
the Attitudes H and h are the Spaces paſs'd thto' in the 
fame Time, and will therefore repreſent the Velocities 
| of the moving Fluid; but & is to B as the Cylinder 
1: i BW to the Cylinder 1 D; (for Cylinders of equal Al- 
1 tudes de 2s their Baſer) Therefore 2 vs T1 W. 1D. 
Or the Velocities are as the Quantities of the Fluid 
contain'd under equal Altitudes inverſely. 

3. Or it may be otherwiſe eaſy to underſtand Mat the 
Water can riſe no higher in the Tube 8 H than in the 
Reſervoir A D, becauſe (ſuppoſing the Dua 2 where 
of an equal Bigneſs, and therefore E PI) 'tis 
plain, if we continue FE uo Q, and R No p _ 

then only that cylindric Body of the Fluid in the Reſer- 
voir which ſtands over the Orifice of the Dut EQ, 
that is, only the Cylindor of Water OE QP can affect 
or preſs upon the Water in the Duct; for all the Fluid 
(beſides this Cylinder) ſtands over, and thereſore preſſes 
pon the Bottom of the Reſervoir, as CE and QD, 


Hencx 


- 


F 


%\T WW 1 — 5 mm WU wo 


SG. SBs Ec ͤ ͤ te en. 


HyYDRAULICS. 
HrNcE we have Conduits often fupplied 


with Water from Springs which lie above 


them; and Cocks to ſupply the Inhabitants 


of a Town with Water by Pipes of Con- 


duct proceeding from a Reſervoir in a Si- 


and ſo by equal Re-aQtion has all its Force deſtroy d. 
The Water therefore will deſcend through the Orifice 
EQ, till by its Preſſure it has raiſed a fy A in the 
other Leg S H equal to the Cylinders O Q + QF, and 
therefore to an equal Height; and thus the Preſſure 
at F R and S G being equal, there muſt be an Equi- 
librium. CES | 

4. hat it ought to riſe to the ſame horizontal Level 
M in the inclined Tube SN, whether that Tube be. 
leſs, having an elliptic Baſe whoſe longeſt Diameter. 
is 8 X; or whether it be equal to the Tube SH, as 
having the ſame: Baſe ;, or, laſtly, if it be greater, as 
having a circular Baſe on the Diameter S G; I ſay, that 
in every Caſe it ought to riſe: to the ſame Level Z M is 
evident, becauſe there can be no Equilibrium till the 


Preſſure of the Fluid in each Tube, or on each Side 
the Baſe 8 X, or SG, be equal; that fo, being con- 


trary, they may deſtroy each other. But there can ne- 


ver be an equal Preſſure on each Side the common Baſe, 


unleſs there be an equal perpendicular Altitude of the 
preſſing Fluid on each Side, becauſe (as we have ſhewn, 
Annot. LIV.) the Preſſure of Fluids on any given Area 
or Baſe is ever proportional to the Altitude of the Fluid, 
and that only. | = TY FOE | 
5. Hence it appears, that an Inſtrument. like this in 
the Figure may ſerve very well to take a Level for a 
ſmall Diſtance, or ta draw a Line truly horizontal; for 
the two Points I and M will always be in a true hori- 
zontal\Level or Line. But for this Purpoſe the Tube 
SG ſhould be at leaſt t of an Inch Diameter, to. avoid 
the riſing of. the Fluid. by Attraction; it ſhould. alia 
move. very nicely by a Joint fixed on to the Part FE S. 


B 3 tuation 


* 


6 


 _HyDRrAULICS 
tuation above the hi gheſt Part of the Town 
(LXX.) 8 


1 | 5 . 1 . 
Pl. XVI. (LXX.) 1. Let AC DB be a Reſervoir with a 


Fig. 8. 


Fig 9. 


Du& or Conduit- Pipe FK L, and at L turn'd off from 
the Perpendicular to give the Water by a Stop - Cock in- 


to a Ciſtern for the Uſe of a Family. It is plain the 


Water will iſſue out from L with the ſame Force as it 
would be made to riſe to the Height LO, were the 
Tube or Pipe continued upright to O; for on one 
Side the common Baſe K, the Preſſure (when the Cock 
is ſhut) is proportional to the Altitude E K, but on the 
other it is only L K; the Difference therefore, EI = 


LO, is the Force of Preſſure by which the Water is 


protruded from the Cock at L. In the ſame Manner 
it is ſhewn, that the Force by which it is made to ſpout 
from the Cocks at M and N is proportional to the Al- 
titudes HE and GE, or MO and NO, of the Fluid 
in the Reſervoir above them. | | * 

2. The Running of Rivers is upon the ſame Principle 
as the Deſcent of Bodies on inclined Planes; for Wa- 


ter no more than a Solid can move on an horizontal 


Plane, the Re-aQtion of ſuch a Plane being equal and 
contrary to Gravity entirely deſtroys it, and leaves the 
Body at reſt ; here we ſpeak of a Plane of ſmall Ex- 


tent, and ſuch as coincides with the curved Surface of 


the Earth. But if we conſider a large Extent or long 


Courſe of Water, then we ſhall find that ſuch Water 


can never be at Reſt, but when the Bottom of the Chan- 


nel coincides every where with the curved Surface of 


the Earth, ©. - | | 
3. Let AD F be the curved Surface of the Earth, C 


its Centre, CD, CE two right Lines drawn from 


thence, and E G a Tangent to the Earth in the Point 


D. Then tis plain if B D were a Channel of Wa- 
ter, the Water could not ru 


t run, 
are every where at an equal Diſtance from the Centre 


or move, becauſe they 


C, and therefore equally affected by Gravity. But if 
there be any Place above the Surface of the Earth as E, 


' here Water can be found, tis evident that Water 


i 


_ Hencg 
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Heck alſo the Deſcent of Water in 
Rivers, Streams, and Canals, from Springs 


can deſcend in a Channel to any Part of the Earth's 
Surface between B and D. becauſe every Point in the 
Line E D is nearer to the Centre of the Earth, and 
therefore below the Point or Place E; and its Velocity 
will be ſo much the greater as it tends to a Point neater 
B, and floweſt of all, when it moves in the Direction 
of the Tangent EDP). 

4. Hence it appears that the Source E of all Rivers 
and Streams muſt be more than a Semi- diameter of the 
Earth CB diſtant from the Centre C. And ſince all 
great Rivers run to the Sea or Ocean where they diſ- 
embogue their Waters at the Point D, the Line DC 
is a Semi- diameter, and = 4000 Miles nearly. Alfo 
the Courſe of all long Rivers being in the Direction 
of the Tangent at the Point D, if they were repreſented 
by the Tangent-Line E B, then the Height of the 
Source E above the common Surface of the Earth at B 

would be eaſily found. Thus, ſuppoſe ED were the 


River Niger in Africa, whoſe Source is more than 3000 


Miles from the Sea; but put ED = 3ooo, and ſince 
C D S 40co, we ſhall have CE = 5000, and CE —. 
CB 1000 = BE = the Height of the Source.” But 
fince we know of no Mountains above three or four 
Miles high, it is plain the River Ntzer, and all ſuch 
long Rivers, are ſo far from moving in a Tangent, that 
their Courſe muſt be very nearly of the ſame Curva- 
ture with the Earth's Surface, and inſenſibly diſtant 
from it. | ng | 

5. Since Bodies move on Planes ever fo little in- 
_ clined, except ſo far as they are prevented by Friction, 
and ſince the Friction of the Particles of Water among 
themſelves is inconſiderable, it follows that the Water 
ſituated on a Plane ever ſo little inclined will commence 

a Motion; and if the Plane be conſiderably inclined, 
and the Quantity of Water great, its Velocity will be 
proportional, and its Momenſ um ſuch as will ſoon begin 
to wear away the Earth, and create itſelf a Courſe or 


B4 and 
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and Sources above the common Surface of 
the Earth; and the Breaking out of Springs 


Channel to glide in. In Rivers that are made, it is 
uſual to allow the Fall of one Foot in 300. 

6. If we allow the ſame Declivity to Rivers which 
make their own Way, then we find their Height at their 
Source above the common Surface of the Sea, as in Ex- 


ample 140 Niger thus: As 300: 1 :; 5280: 8 85 = 


the Height at one Mile, or 5280 Feet. Then again 


"Ss 
ſay, as = 3000 : 36 = 5280 X 10 


= 10 Miles. From whence it is evident, that the 


pl. XVI. 
F Ig. 10. 


Continents and Iſlands ought to be much above the Sur- 
face of the Sea, to give a neceſſary Deſcent and Courſe 


to the Waters through them. 


7. Let ABC D be the Section of a Reſervoir, and 
BCI K the Section of a Canal of Water ſupplied from 
thence, and ABN the horizontal Line. Now ſince 
the Particles of Water are governed by the common 
Laws of. Gravity, the Velocity of a Particle at any 
Part of the Bottom of the Canal, as F or H, will be 
the farye as it would acquire by falling through the per- 
pendicular Altitude OF or LH, (by Annotar. XVII 
Art. 9.) that ts, as V4 OF to V LH (by Annotation 
XXVI. Art. 4.) Hence the Velocity of the Stream is 
accelerated. | RE | 

8. For the ſame Reaſon the Velocity of a Particle at 


the Bottom of the Stream H is to the Velocity of a 


Particle at the Top G, as LH to MG; conſe- 


quently the Stream moves with a greater Celerity at Bot- 


tom than at Top. 


9. The Quantity of Water which paſſes through the 
Section of the Stream HG is the "ſame that paſſes 


through the Section of the Reſervoir B C in the ſame 


Time. The ſame may be ſaid of any other Section 
FE ; therefore the Quantity of Water pafing by any 


at 


city, by the 
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at the Bottoms and on the Sides of Hills, 


from Ciſterns and Reſervoirs in the inter- 


| two Sections of the Stream F E and GH in the ſame 


Time is the ſame. 


10. Since there runs the ſame Quantity of Water by 


GH as by F E in the ſame Time; and ſince the Ve- 


locity at G H is greater than at FE; and laſtly, ſince 


the Breadth of the Canal is ſuppoſed to be every where 
the ſame; therefore it follows, that the Depth GH 
muſt be leſs than the Depth FE, and ſo the Depth of 
the Stream muſt continually decreaſe as it runs. 

11. As the Stream proceeds, the Depth H G de- 
creaſing, the Lines M G and L H will approach nearer 
to an Equality, and therefore the different Velocities of 


the Water at Top and Bottom will approach much 


faſter to an Equality, as being proportionate to the 
Square Roots of thoſe Lines. 

12. This Approach to an Equality is much farther 
promoted by the upper Parts being continually accele- 
rated by the lower, and the lower Parts retarded con- 
tinually by the flower Motion of the Waters above, 
incumbent and preſſing upon them. 


* 


13. Since the Difference of the deſcending Veloci- 


ties, or the relative Velocities, are greateſt near the 


Beginning or Head of the Stream, the Waters will 
there fall or deſcend with the greateſt Impetuoſity, or 
cauſe the loudeſt Noiſe. Eo 
14. In the Courſe of Rivers, the accelerated Velo- 
City is _ reduced to an equable or uniform Velo- 
eſiſtance it meets with from the Bottom 
and Sides of the Channel, which Reſiſtance will be as 
the Squares of the Velocities, and therefore ſoon be- 
come ſo great as to equal the accelerating Force, and 
be communicated to the middle Parts of the Stream, 


Cauſing the Whole to move uniformly. 


15. Hence in Rivers the Motion of the Water i2 


floweſt at the Sides and Bottom of the Channel, be- 


cauſe there the Reſiſtance begins, and is communicated 


nal 


to all other Parts. 


a, 
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nal Parts above them, which receive their 


Waters from Rain, Dew, condenſed Vapours, 


melted Snow, &c. diſtilling or percolated 


through the Pores or Creviſes and Chaſms 


of the upper Part of the Earth (LXXI.) 


8. In different Parts of the ſame River the e 


f Velocity is greateſt where the Bottom of the Channel 


has the greateſt inclination or Declivity, becauſe the re- 


lative Gravity of the moving Particles is here greateſt. 


17. In thoſe Parts of the River where' the Velo- 
city of the Stream is leaſt, the Depth of the Water is 


the greateſt, and vice verſa : Becauſe equal Quantities 


paſs through unequal Sections of the River in the ſame 
Time. Hence alſo it follows, that the Momentum of 
running Water muſt be every where the ſame, or a 
given ee 

(LXXI.) i. Various have been the Theories, or ra- 


ther Hypotheſes, relating to the Origin of Fountains, 


many of which have favour'd fo little of Philoſophy, 


that they ſcarce deſerve to be mentioned or confuted. 


Thoſe who pretend to derive the Waters of Springs 
from the Waters of the Sea by ſubterranean Ducts, 


| ſeem either wholly ignorant of the hydroſtatic Laws 


pl. XVI. 
Fig. 11. 


of Fluids, or reſolved to maintain a Theory by meer 
dint of Hypotheſis. : 


2. For tt ECAF be a Part of the Earth's Surface * 


covered with Water at A; ſuppoſe ABC a ſubterra- 
nean Dutt, by which the Waters deſcend to the internal 
Parts of the Earth towards B; if B be the loweſt Point, 

or that neareſt the Centre of the Earth, the Water will 
be forced to riſe from B to C by the Preſſure _of the 


Water in the Part AB. But when the Water is ar- 


rived to C it will there ſtop, and an Equilibrium will 


_— enſue (from what we have ſhewn in A.notat. 


LXX.) 


onſequently no Water can riſe above C to the 


Top of the Mountain D by the Force of Preſſure; and 


we can ſhew no other Power in Nature to drive it 
n ; and therefore ought to ſuppole none. 


* 
- 7 4 
* — a 
% 
U 
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By the Preſſure of the Fluid it may 
Weaſily be convey d over Valleys and Hills 


3. They who advance the Capillary Hypotheſis, or 
ſuppoſe the Waters riſe from the Depths of the Sea 
through the porous Parts of the Earth, as it riſes in 
Capillary Tubes, or Tubes of Sand or Aſhes, ſeem 
not to conſider one principal Property of this Kind of 
Tube, or this Sort of Attraction; for though the Wa- 


riſe no higher, becauſe it is by the Attraction of the 


Parts above that the Fluid riſes, and where that is 


wanting it can riſe no farther. Therefore, tho' the 
Waters of the Sea may be drawn into the Subſtance of 
the Earth by Attraction, yet can it never be raiſed by 
Wthis means into a Ciſtern or Cavity to become the Source 
of Fountains. > | 5 + aef9 
4. The true Principles which ſupply the Waters of 
W& Fountains or Springs, are undoubtedly melted Snow, 
I Rain-Water, and condenſed Vapours Several have at- 
W tempted to ſolve the Phenomena by Snow or Rain only; 

but others making an Eſtimate of the Quantity of Rain 

and Snow, that falls in the Space of a Year, to ſee if 

it would be equal to that which the Rivers diſcharge 


5. But that which was moſt extraordinary was, that 


* they found by their Experiments, that the Rain and 
Snow which fell in one Year would not produce more 


than; of what was raiſed in Vapour ; for by Experi- 
ment it was found, that the Rain and Snow that fell in 
a cylindric Veſſel, raiſed a Column of W ater about 19 
Winches high; whereas the Water raiſed in Vapour was 


fciency of 13 Inches plainly indicated another Way, 
by which the Waters circulated from and to the 8a. 
6. This (among many other Things) was left to the 
Diſcovery of that ſagacious Naturaliſt Dr. Halicy; who 


n 


ter riſe to the Top of the Tube or Sand, yet will it- 


annually into the Sea, found that it was much ſhort of 
that Quantity. 5 | 


yearly about 32 Inches in Altitude. This great De- 


peing on the Tops of the Mountains in the Iſle of St. 
0 Jelena (in South Lat. 169) making his Obſervations. 


by 


11 


— — « 
— An - — 


- oe —— 


- — — ® 
. nn ou aa CE 


— — 


— — 


- 2 2 2 , — 
— 2 $a © Tate — » 
or ee —ů — —— n 
* 
* 


a” 


12 


face of the Sea, as far as it ariſes from Heat; for other 


man ſound by making the Experiment in a cloſe Room, 


dryer after Rain than 3 or 4 Days Sun-ſhine, 


Summer. . 


gone off in the Vapour, and therefore in 12 Hours, one 


HYDRAULICS. = 
by bended Pipes or Syphons, from Ponds MW... 
or Reſervoirs, in a higher ſituation; which | 


* 


for a Catalogue of the Southern Stars, (about 800 Vards | Fe 


above the Level of the Sea,) found that Quantity of la 
Vapour, which there fell in Dew, was fo great, as *" 
very much impeded his Obſervations, by covering his WW b. 


Glaſſes over in 6 or 7 Minutes, even when the Sky was 
clear. _ 

7. Upon this he was induced to determine by Ex- 
periment, the Quantity of Vapours raiſed from the Sur- | 


Cauſes, as Wind, and the Warmth of common Arr, 1 
contribute to exhale the Water, as the fame Gentle- 


where 8 Inches Altitude of Water was exhaled in one 
Year ; and 'tis well known from common Obſervation, 
that a ſtrong Wind will carry off a great Quantity of 
Mater in a few Hours time, as in tie late Famary ll 
Storm ſeveral ſhallow Ponds had all their Water blown 
away by the Wind in one Day. Alſo, we find by Ex- 
perience, that one windy Day will make the Ways 


8. But the Doctor's Deſign was to ſee what Quantity 
was evaporated by the Heat of the Sun only. For this 
Purpoſe he inſtituted the Experiment in the following 
Manner : He took a Veſſel of Water, and made it falt 
to the ſame Degree with Sea Water, by means of the 
Hydrometer. In this he placed a Thermometer, and 
by a Pan of Coals he brought the Water to the fame 
Degree of Heat with that of the Air in the hotteſt 


1 


9. This done, he affixed the Veſſel of Water, with 
the Thermometer in it, to the End of a Pair of Scales, 
and nicely counterpoiſed it with Weights in the other; 
then at the End of two Hours he found by the Altera- 
tion made in the Weight of the Veſſel, that about the 
Goth Part of an Inch of the Depth of the Water was 


enth of an Inch would have been evaporated. Note, 


8 the 
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the Ancients being ignorant of, were at 
vaſt Pains and Expence very often to 
effect. Hence the running of Water 


12 Hours only are here allow'd for te Time of Exha- 
lation, that being the Length of the Day at a Mean; 


and in the Night, as much, if not more Water returns 
by Dew than is exhaled. F 
10. Upon this Suppoſition, every 10 ſquare Inches 


of the Surface of the Water yields in Vapour, per Diem, 


a cubic Inch of Water, which weighs 2535 Grains 
Troy; therefore every ſquare Foot will yield 3 a Pint 
Wine Meaſure; every Space of 4 Feet ſquare, a Gallon; 


q | and every ſquare Mile 6914 Tons. A Degree ſquare 
XX {reckoning 69 Engliſb Miles to a Degree) will prodace 
X 33 Million of Tons; and if the /drdrterranean be 40 


ees long, and 4 broad (the narrow Parts com- 


penſating for the broader, which is the leaſt that enn 
be ſuppoſed, then will there be in its Surface 160 ſquare 
= e, which will evaporate per Diem, 5280 Mil- 

X lions of Pons in the Summer Time. 


11. Ihe Mediterranean receives Water from the 
following nine great Rivers, viz. T he {berus, the Rhine, 
the Tyber, the 5, the Danube, the Neiſter, the Burg- 
genes, the Tanais, and the Nile; all the reſt being of 
no great Note, aud their Water inconſiderable. ch 
of theſe nine Rivers (together with all the ſmaller) are 


ſuppoſed to bring as much Water to the Sea, as is equal 


to ten Times the Water of the Thames, at leaſt. 


12. In order to eſtimate the Quantity of Water, 


which paſſes daily through the Thames, the Doctor 
aſſumes the Breadth of the River at Kingſlon Bridge 
(where the Flood feldom reaches) to be 100 Yards, 
and the Depth 3; fo'that the Section of the Channel is 


zoo ſquare Yards, and allowing the Velocity of the 


Water to be at the Rate of 2 Miles per Hour, there 
will run in 24 Hours, che length of 48 Miles, or 844% 
Yards; therefore 84480 X 300 25 344000 cubir 
Vards, which make 20300000 Tons which the River 
Thames yields per Diem. e ee eee 

13. Now each of the above nine Rivers being ſup- 
poſed to bring ten times as much as the Thames, will 


through 


13 


14 
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through the ended Syphon accounts for the 


odd Phænomena of intermitting and reci- 


yield 203000000, or 203 Millions of Tons, and ee 


fore all the nine will produce 1827 Millions of Tons; 
which is but little more than 5 of the Quantity (5280 
Millions of Tons) evaporated every Day from the 
Sea. The: nearly of this prodigious Quantity of Wa- 
ter, the Doctor allows to Rains which fell again into 
the Seas; and to the Rain imbibed by the low Parts of 


the Earth, and ſpent in Vegetation in general. 


14. The Quantity of Water exhauſted from the Me- 
diterranean, being ſo much greater than what is return'd 
by the Rivers, is the Occaſion of the Water's ſetting 
in from the Ocean, to ſupply the Deficiency, by a con- 
tinual Influx or Stream, which before this Diſcovery 
was quite unaccountable. Alſo, hence it appears, why 
the Caſpian Sea, tho' it receives the Waters of many 
large Rivers, is yet never liable to overflow; becauſe | 
the Waters, brought in by the Rivers, are exhauſted 
by the Sun, Wind, c. Yea, the Difficulty is on the 


other Hand, ſince the Exhalation is ſo much greater 


than the Supply by the Rivers, why the Sea does not 
appear diminiſhed, or its Waters continually waſting ? | 


which Thing has never been obſerved. . 


15. The prodigious Quantity of Vapours raiſed by 
the Sun's Heat, and otherwiſe, beng carried by the 
Winds over'the Jow Lands to the very Ridges of Moun- 


| tains, as the Pyrencan, the Alps, the Appennine, the 


Carpathian, in Europe; the Taurus Caucaſus, Imaus and 
others in Aſia; Atlas, the Montes Lune, or Mountains 
of the Moon, with other unknown Ridges in Africa; 
Jay, the Vapours being compelled by the Stream of 


Air to mount up with it to the Top of thoſe Moun- *' 
_ tains, where the Air becoming too light to ſuſtain them, 


and condenſed by Cold, they precipitate in Water, and 
gleet down by the Crannies of the Stone; and Part of 
the Vapour entering into the Caverns of the Hills, the 


Waters theseof gather as in an Alembic, into the Baſons 


of Stone it finds, which being once fill'd, all the Over- 
pick; ha procating 
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0 unite, form little Rivulets, or Brooks ;--many' © 
8 theſe again meeting in one common alley, and gain- 


X 


procat 


8 Rb: ne,' the Danule, &c. And it may almoſt paſs 
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alſo ih that Inſtrus 


ing theiplain Ground, being grown leſs rapid, become 
River and many of theſe being united in one on 
Channel, make ſuch enormous Streams as the RH, 
a Rule; that the Magnitude of a River, orpthe Quan- 
tity. of Water, it diſcharges, is proportional to 
Length and Heights of the Ridges from whence the 
Fountains ariſe. | S LES 1 ant of 
17. This beautiful Account.of the Origin of Springs 
and Rivers has been received with univerſal Applauſe 
and Satisfaction in the learned World. I ſhall now add 


a Word or two concerning the different Sorts of Springs 


which we find in divers Parts of the Country. But 
one Thing I ſhall firſt remark, and that is, it has been 
allerted, and often taken for granted, that there are 
Springs of Water upon the very Tops, Summits, or higheſt 
Parts of Mountains ; which Poſition is contrary to the 
Hydraulic Law of Fluids, by which they riſe to the 


Level of the Fluid in the Reſervoir, but no higher; 


and not only that, but is undoubtedly falſe in Fact: 
For I have myſelf examined moſt of the remarkable Hills 


n the Mahi, South, and Eaſt Parts of England, but 


could never diſcover: any ſuch Thing; though I often 
found them on the Sides, not far below the Tops, 


but low enough to account for. their being there. 


And Mr. Cafwel! carefully examined the Tops of the 
Mountains in Wales (at the Deſire of a Friend) and 
could find no Spring there. I ſhall therefore conclude 
there never was, nor can be any ſuch Thing in Na- 
ture. 85 | *1 
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plying che Spring, but by the Time theſe are all ſpent, 
the 
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Water in Wells alſo is owing to the Weight | 


'of that in the ſubterranean Ciſterns from 


18. The ſeveral Sorts of Springs obſerved are (i.) 


common Springs, which either run continually, and then 
they are called Perennial Springs; or elſe run only for 
a Time, or at certain Times of the Year, and then 
they are called Temporary Springs. (2.) Intermitting 
Springs, or ſuch as flow and then ſtop, and flow and 
ſtop again, by regular Alternations or Intermiſſions. 
(3-) Recrprocating Springs, whoſe Waters riſe and fall, 
or flow and ebb, by regular Intervals, or Reciprocations 
the Surface. All a are produced after the follow- 
r 

19. Let ABCD E repreſent the Declivity of 2 Hill, 
whoſe Section, from Top to Bottom perpendicularly, 
is ſhewn in the Figure; in which let FG G H be a Ca- 


vern or Baſon near the Top which collects the Water 


eau through the Crannies, and has a drain or Du 
jeading from H to the Side of the Hill at B. Tis 


- evident when the Water riſes to the Drain N, it will 
deſcend through it to B, where it will break out in 


Form of a Fountain or Spring g, and will continue thus, 
ſo long as the Reſervoir is ſupplied with Water above 
the Level F H, andafter that it will become dry. Thus 


we ſee a Spring may be generated near the Top of the 


Higheſt Hills or Mountains. Of this we have a not- 


_— near the Top of Landſdown Fill by 
Bat | 


20. There is one odd Phanmenon of ſuch Spr rings 


that is ſometimes obſerved, and that is, that bey ren 
in dry Weather, and are ary in wet Weather ; to account 


for 4 we need only obſerve, that while che Wea- 
ther continues wet, the Waters are gathering into the 
Baſon or Reſervoir, till there is a ſufficient Quanti 

to run over and make the Spring play, by that Time 
the Weather is altered and become dry; during the dry 
Weather, the Remains of the laſt Rains (for cheſe 
Springs proceed chiefly from Rain-Water) are conti- 
— 2 — the Reſervoir, and by that means ſup- 
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; HyYDRAULILES. 
the Weather again alters to wet, and the Spring ceaſes 
of courſe, till it meets a freſh Supply from the preced- 
ing Rains, and ſo on. 
20. The INTERMITTING SPRINGS may be thus 


| accounted for: Let IK L be a Cavity in the Mountain, 


to which at I there is a feeding Stream that brings the 
Water from other Parts, and at K, on the lower Part, 
there goes a Duct KC, which is of a curved or 
crooked Form, and conveys the Water to the Side of 
the Hill at C, where it breaks out in a Spring. Here 
*tis evident, that as the Water riſes in the Cavefn, it 
will rife in the Duct at the ſame Time, till the Surface 
of the Water IL be level with the higheſt Part & of 


the Duct, after which the Water will deſcend from & 


to C, which Point C, being lower than the Orifice of 


the Dua K, will exhauft the Cavern of all its Water, 


and then the Spring will ſtop till the feeding Stream I 


repleniſhes the Ciſtern to the ſame Level I K, and then 


the Fountain will play again ; this ſuppoſes the Du& 


K C to carry off more Water than the other at I brings 


to the Ciſtern; and then every Thing follows from the 
Nature of the b:nded Syphon as explained in the next 
Annotation. TE nl | | 

21. The REcipPROCA TING SPRINGS are occaſioned 
after this Manner. Let MNO be a Cavity ſupplied 
by a feeding Stream PM, and alſo by a Syphon K 40, 
which brings Water from another Cavity above, as 
IKL; the Dut N D carries the Water to the Side 
of the Hill at D, and there makes a conſtant Spring, 
by Virtue of a conſtant Supply of Water, by the Drain 


PM. The Water at D will alſo flow and ebb alter- 


nately, for when the Syphon KO works, the Surface 
of the Water M O will be ſuddenly raiſed, and preſs 
upon the Water at N with a greater Force, by which 


Means it will iſſue out at D with a greater Velocity, 
and raiſe the Surface if confin'd; but when the Syphon 
intermits, or ceaſes, the Momentum of the Water at D 


is not ſo great as before, and then the Spring will fink 


ox decreaſe 
22. In like Manner we account for the riſing of Wa- 
ter in Wells. Thus ſuppoſe a Well be ſunk at the 
Foot of the Hill at E, to ſuch a Depth EV, as will 
Vor. II. — Ws bring 


17 
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bring the Diggers to an Eruption of a Spring at V, 


whole Water is brought by the Duct RV (or many of 


them) from a Cavity QRS in the Hill, (or other- 
wiſe from a Pond, a River, the Sea, &c ) 'tis evident 


the Water in the Well will riſe from the Bottom V, to 
an Altitude VT, where the Surface of the Water at 
T is upon a Level with that in the Reſervoir Q'S, and 


thus conſtitutes a Well. | | 


23. If thoſe Reſervoirs of Water in the Body of 


Mountains be ſituated where Mineral Ores abound, or 


the Ducts or feeding Streams run through Mineral 
Earth, *tis eaſy to conceive the Particles of Metal will 
mix with, and be abſorb d by the Water, which being 
ſaturated therewith, becomes a Mineral Spring or ell. 
If Salt, Sulphur, Lime-ſtone, &c. abounds in the Stra- 
ta, through which the Water paſſes, it will then be ſa- 
line, ſulphureous, e e. Sc. If Sulphur and 
Iron ſhould both abound in the Parts of the Hill, 
whence the Waters come, the Waters will partake of 
the Warmth or Heat, which is occaſioned by the Mix- 
ture of two ſuch Subſtances .in the Earth, where they 
are found. Now, though every Thing may not hap- 
pen preciſely in the Manner, as here repreſented, yet 
that it is in ſome Way analogous to it, I believe no 
Perſon will doubt, who has been at the Peak in Der- 
byſhire, or at Hock y-Hole in Somerſetſbire, and ſeen the 
wonderful Caverns, Receptacles and Streams of Water, 


which Nature has there furniſhed in the Bowels of the 


Mountains. | 
SCHOLIUM. 


24. I ſee but one Objection which can be made to 
the foregoing noble Theory of Dr. Hjalley, and that is, 


that a Body of Water heated to the ſame Degree with 


the hotteſt Summer Air will certainly evaporate more 
from a given Space in a given Time than the deep 


Waters of the Sea, whoſe Surface only is affected by 


the Heat of the Summer Air; and therefore in all pro- 
bability the Doctor's Quantity of Water raiſed in Va- 
pour was much too great. To which I anſwer, (1.) 


The Rivers are ſuppoſed to return much more W aters 


to the Sea than they really do, for no one can imagine 
F b there 
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= whence they are ſupphed by proper Catials 
wor Springs (LXXII.) I S159 


there can be 90 Times the Water of the Thames brought 
to the Mediterranean by all its Rivers. (2.) The Doc- 
tor accounts for Springs by the Quantity of Vapour 
exhaled by the Sun alone, whereas if we abate near 
half this Quantity, and take in what is raiſed by the 
Wind and Agitations of the Sea, together with the large 
Supplies from Rain, Melted Snow, Cc. we ſhall un- 
doubtedly find ſufficient Matter for the Sourees of all 
the Rivers and Springs. (3.) As the Vapour is exhaled 
from the Surface of the Water only, it will be pro- 
portional to the Heat in the Surface only, which muſt 
be nearly the ſame for the moſt Part of the Day with 
the contiguous Air, and therefore the Caſe is not ſo 
widely different from the Doctor's Experiment as might 
be at firſt imagined. Tu 20 f moms 

(LXXII) I. The Nature of the len ded Tube or Sy- 
pbon (of which we have made ſo much Uſe in the pre- 
ceding Annotation) will eaſily appear by conſidering it as 


19 


follows. AB C D is a Veſſel, into which is inſerted at plate 


the Bottom a bended Pipe BG HI K to repreſent. the 
Syphon. Now if Water be poured into the Veſſel, it 
will as it riſes in the Veſſel riſe alſo into the Pipe or 
DuR, till the Water in the Veſſel be upon a Level F E 
with the upper Part G of the curved ] ube; what more 
is poured in after this will run over the Bend at & down 


the lower Part GH; and from the loweſt Point H it 


will, by the ſame Principle as before, be forced into 
the riſing Part H I, where at the Bend I it will again 
run over, and deſcend through the Part I K, and at K 
it will run out, as being lower than the Level of the 
Bottom of the Veſſel CW. 

2. That the Pipe muſt neceſſarily be full to the ſame 
Altitude every where as the Water ſtands in the Veſlel, 


by the Preſſure of that in the Veſſel, is evident from 
what we have ſhewn in Annotation LXX; And fince it 


can riſe no higher in the Veſſel than in the Pipe, and 
in the Pipe it can riſe no higher than the bended Parts 


E 2 FROM 


XVIII. 
Fig. 2. 


: FroM the Preſſure of the ſuperior Fluid 
we have the Invention of a Natural Foun- 


G or I, therefore it can riſe no higher in the Veſſel 
than thoſe bended Parts of the Pipe. Again, becauſe 
the Preſſure of the Air upon the Water at FE in the 
Veſſel, and upon the Orifice at K is equal, therefore if 
the Orifice K were in the ſame Level with the Bottom 
of the Veſſel CL, the Water, having the fame Alti- 
tude E B and M L would not run out at the Orifice 

L, but —_ in Equilibrio with that in the Veſſel. 

| 3. But, laſtly, ſince the Orifice K is below the Level, 

| | the Water a will haves greater Altitude M K, and 

| therefore a greater Preſſure, or Momentum, and fo will 

prevail againſt the equal Preſſure of the Air, and run 
out; and will continue to run out, till all the Water 
in the Veſſel be exhauſted, becauſe the Preſſure of the 
Air upon the Surface F E will force the Water into the 
Pipe to prevent a Vacuum, which muſt otherwiſe hap- 
pen in ſome Part thereof, which is abſurd or contrary 
to Nature. 

4. For ſuppoſe the Water were not to enter at B as 
faſt as it runs out at K, there muſt happen a Separation 
of the Water in ſome Part of the Pipe, as at I for In- 
ſtance; then the Water running out at K will cauſe 
the ſeparated Part to deſcend from I towards L, = 
ſince nothing can get into the Space between the f 
rated Surfaces of Water at I and L, all that Space 2 5 
be a pure Vacuum, and therefore the Water muſt be at 
reſt in the Pipe between B and I, though the Preſſure 
of the whole Atmoſphere acts upon the Part at B, and 

nothing at all at. the Part I to refiſt or counteract it, 

f which is contrary to the Nature or Definition of a Fluid, 

| as has been abundantly ſhewn in Annot. LIII. and all 

"Ml the ſubſequent ones. 

133 5. This bended Syphon is uſually called a ma- 
Lus, from the Semblance of the Experiment made 
with à Man in a Glaſs to the Caſe of Tantalus in the 
Fable, who, according to the Poets, was ſentenced for 


his horrid and unnatural Crime of killing, boiling, and 


tain, 


HYDRAULICS. 
tain, which playing from the ſmall Orifice 


of an Adjutage at the Bottom, will ſpout 


ſerving up his own Son at 2 Feaſt of the Gods, to ſtand. 


in a River of Hell up to his Chin in Water, which 

he is not permitted to ſip to quench his eternal Thirſt. 
Now this Tantalus is the Man in the Glaſs, with a Sy- 
phon concealed in his Body, beginning in the Bottom 


of one of his Feet, and aſcending to the Upper Part of 


his Breaft ; there it makes a Turn, and deſcends thro* 
the other Leg on which he ſtands, and from thence 
down through the Foot of the Glaſs, where it runs 
out, and cauſes the Water to ſubſide in the Glaſs, 
as ſoon as it riſes to the Height of the Syphon, or to 
= Chin of the Man; and thus aptly expreſſes the 

able. 1 

6. This Syphon may v wy 


the Handle of a common Pint Pot or Cup, and then 


it is called the Tantartus-Cur: For the Top of the. 


Handle being a little below the Top or Rim of the 
Cup, and the loweſt Part of the Handle or Syphon be- 
low the Bottom or Orifice by which it communicates 
with the Cup, will cauſe the Cup to have the Prope 

of emptying itſelf when fill'd to the Brim; as is eaſy 
to undetſtand from what has been ſaid above. 


% 


SCHOLIUM. 

7. The Nature of this Syphon, or the hydraulic Law 
of Fluids, on which it depends, was not underſtood by 
the Ancients; for though we read ſurpriſing Accounts 
of the R:man Aquæducts and Pipes, by which they 
convey'd Water to the Diſtance ſometimes of five or 
ſix Miles, yet we find no mention made of any other 
than horizontal and deſcending Pipes or Ducts, and 
never of any riſing or aſcending. If the Water was to 
be convey'd where a Valley interpoſed, they with great 
Expence and Labour conſtructed a Water-Courſe over 
the ſame, ſupporting it with vaſt Piles and Arches 
ſometimes from the Depth of an 100 Feet. Whereas 
a ſingle Pipe laid over the Vale would have done the 
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very beautifully nearly to the Height of 


of the Air's Reſiſtance (LXXIII. 4 


Hr Dine 


the Water from the Fountain; but it can- 
not quite reach that Altitude, by reaſon 


Buſineſs moſt effeQually. 17 a Mountain interpoſed, - 
we find they would ſometimes carry their Aquæduct 
through the very Body of it by Dint of Labour, which - 
ſurely could not have been their Choice, had they 
known that a Pipe laid over the Top coming from\ a 
Reſervoir of a proper Height would have anſwered th 
ſame End. Such Reſervoirs indeed ſuppoſe the Uſe ol 
Pumps to raiſe the Water into them; and Pumps they 
had of various Kinds, but could not apply them for 
want of knowing the Theory. he he = would ac- 
quaint themſclves with the Magnificence of the Ro 
mans in regard to their Water- Works and Aquæducts, 
may conſult Frontinus, and others who have wrote on 
this Subject. 
(LXXIII.) 1. The Theory of Natural Fountains, 
or Jet d' Eau's, depends on the following Principles. 
It has been ſhewn, that Water coming from a Reſer- 
voir AB CD, through the Pipe EF GH, will riſe 
from the loweſt Part G to the ſame Altitude H. in the 
Part G H, as is upon a Level with the Surface of the 
Water AB in the Reſervoir: And alſo that it thus roſe 
from the Point G by a Force of Preſſure proportional to 
the Altitude of the Water in the Reſervoir, which is 
equal to the Altitude G H. Aanot. LXIX. 
2. Now I preſume 'tis very evident that the Tube 

G H itſelf can contribute nothing towards the Water's 
riſing in it; but, on the contrary, it rather impedes the 
Aſcent by the Friction it occaſions to the Particles 
which move againſt the internal Surface thereof, There- 
fore if the Part G H be taken away, the Water would 
riſe to the ſame Height H, excepting ſo far as it is ob- 
ſtructed by other concurring Incidents ; for in all Foun- 
rains the Height G I is ſomewhat leſs than G H, the 
Height! in the Tube, for the following Reaſons. 
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From this Preſſure of Fluids, as the 


Cauſe, we can eſtimate the various Mo- 


2. Firſt, The Air's Reſiſtance i is an Obſtruction to 
a Jet, and diminiſhes its Height; and ſince we know 
that the Reſiſtance of Fluids is proportional to the 
Squares of the Velocity, (Annot. LXVIII. Art 4.) 
and the Deficiency of Height HI is proportional to the 
Reſiſtance ; therefore a Jet that plays with a double 
Velocity will have that Deficiency four Times as great; 
and with three Times the Velocity, nine Times as 
great; and ſo on. 

. The ſecond Impediment is the Friction apainſt 
the Sides of the Hole, and the Adjutage at G; and 


ſince this is in proportion to the Quantity of Surface in 


the Hole, it will be greater in a ſmall Hole than alarge 
one, in reſpect of the Body of the Jet, or ſpouting 


W ater ; becauſe the Jet will increaſe in Magnitude with 


the Square of the Diameter of the Hole, whereas the 
Reſiſtance wil! increaſe only with the Diameter ſimply. 


* 


Or a Hole of twice the Diameter emits four Times the 


| Water, and gives but twice the Reſiſtance. This makes 


a ſmall Jet riſe to a leſs Height than a large one, from 
the ſame Reſervoir. 


$5. A third Impediment ariſes fon hence, that daes | 
all the Particles ſet out from G with an equal Veloci 
and this Velocity is continually diminiſhing, it follows 


that the Velocity of the inferior Parts is greater than 
the Velocity of the Parts above them, and therefore 
muſt in ſome Degree ſtrike againſt them ; by this Im- 
pulſe (fince Fluids move every way) the Particles will 
be urged ſideways, and the Column of the Jet be- 
come wider, and conſequently ſhorter than it won 


$ otherwiſe be. 


6. The fourth Cauſe. why Jets FR not riſe to the 
Height of the Reſervoirs, is becauſe the Water upon the 
Top of the Jet does not immediately run off, but 
ſpreading into a Head, lies with its Weight upon the 
aſcending Water below, and hinders it from riſing ſo 


high as it would do. This will appeat by inclining 


C 4 menta 


* 
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menta or Forces of ſeveral Jets ſpouting 


through the Sides or Bottoms of Veſſels at 


the Jet a little, that the upper Water may not bear up- 


on the riſing Stream, for the Jet will then play higher, 


but be leſs beautiful. | 


7. If the Hole of the Adjutage G be leſs than 5 of an 
Inch in Diameter, the Force of the Attraction of Co- 


* 


heſicn will extend itſelt —_ the Body of the Jet at 


the Hole, and greatly obſtruct its Aſcent ; hence the 
Riſe of Jets in Models, for Experiments cannot be ex- 
pected ſo high as others, becauſe of the very ſmall 
Holes made uſe of in them. Whence all Jets of larger 
Fountains (ſuch as are.in Gentlemens Gardens) ought 


to exceed : of an Inch in Diameter, and that in Pro- 
portion to the Height of the Reſervoir, as will be ſhewn 


hereafter. 
8. If the Conduct-Pipe EF G be not of a proper 


- Size to ſupply. Water, as faſt as it can be expended at 


the Adjutage G, the Jet will likewiſe be checked, and 
will not rife to the full Height. To aſcertain the 
Proportion of the ConduQ-Pipe to the Bore of the 
Adjutage, is the Buſineſs of Experiments; and what 
has reſulted from thence, in regard to this Matter, will 
be ſhewn ina Table by and by. | | 

9. And one Thing more is neceſſary to be known, 
that the Jet may play the higheſt poſſible, viz. that the 
Part of the Conduct-Pipe at the Adjutage does not 


turn up at a Right Angle, but with a genile eaſy 


Curve ; that is, not as at G, but as at L, where the 
Jet plays to a greater Height at K. The upright Part 
at G directly reſiſts the Water coming from F, where 
the Curve at L cauſes the Impulſe of the Water againſt 
it to be very oblique; and therefore a leſs Part of its 


Momentum will be deſtroyed, and conſequently the 


greater remaining Force will throw the Jet the higher. 
10. From what has been ſaid in Art. 4. it appears 
(ceteris paribus) the Hole in the Adjutage ought to be 


made in a thin Plate of Braſs, and not through the 
Bore of a Tube of any Length, becauſe of the Quan= 


: different 
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different Depths below the Surface; For 
| the Momentum of Fluids, as well as fold 


tity of Surface in ſuch an Adjutage-Piece, which muſt 
reatly retard the Jet, and diminiſh the Height. T his 

is a Fault which moſt People have run into for want of 

an experimental Knowledge of this Science, For the 

ſake of Beauty they ſcrew on ſuch a conical Piece as re- 
reſented at M, of an Inch in length, inſtead of a 
late of Braſs, whoſe Thickneſs need nat exceed the 
oth Part of an Inch for * large Jets and whoſe 

Friaion will therefore be 40 Times lets. | 
11. If the Jet be play'd from G, the Velocity with plate 


which it ſets out from the Adjutage, will be as FN, XVII. 
and throw it to its full Height G C at once ; but if Fig. 4, 
the Pipe deſcends below F G to HI, and thence re- 
turns upwards again to the ſame Level F K, and the 
Jet be play'd from K, the Velocity with which it ſets 
out from K at firſt will not be the ſame as the Velo- 
city from G, that is, it will not be as F Q, or 
CH- Ff, but it will be as V QH— FH. 
which is leſs, and therefore the Height at firſt will be 
only K L, from whence by Degrees it will riſe to M 
upon the ſame Level with C, fo that its laft Height 
K M will be equal to the Height G C of the Fee 
from G. | | | 
12. The Truth of the laſt Article is thus demon- 
ſtrated. The Water in the Legs QH and IK are to 
be conſidei d as two Non-elaſtic Bodies, whoſe. Mo- 
menta (being as the Preſſure) are as the Altitudes Q H 
and IK; and fince both the Velocities and Quantities 
of Matter moved in a given Time, are as the Square 
Roots of the Altitude (as will be ſhewn in the next An» 
notation) therefore we have QU = QU XV QU, 
andIK=vV IKxXVTIK, and fince the Difference 
of the Mom:nta, divided by the Sum of the Bodies, 
ives the Velocity after the Stroke (Annotation 
XXII. Art. 4.) which we will call x, therefore 


Bodies, 
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Bodies, is compounded of the Quantity of Mat- 


ter and Velocity; but in ſpouting Fluids, 


vUAxVQUHE—VTEXVTE _ 


Es VIE or iy. 


VIER, (becauſe VQUXYV QH—VIK x 


VIK V QH+vV IKXV QH—VTE; which 
is the Velocity of the Water at firſt ſetting out from K. 

13. But fince Fluids act not by a ſingle Impulſe, as 
Solids do, but conſtantly ; the Velocity of the Water 
at K will not be equable at firſt, but accelerated for 
ſome Time, that is, till all the Water in the Leg I K 


ſhall be brought to move with the ſame Velocity with 


that in the Leg Q H when it comes to be uniform : 
For as the Velocity in the Leg I K is accelerated, ſo by 


its Re- action does it retard the Motion or diminiſh the 
Velocity of the Water in the Leg QH; but as it can- 


not totally deſtroy the Motion of Q H, that which re- 


mains muſt be equable or uniform; and what that is 


will eaſily appear if we only conſider, that that Part of 
the Motion which is deſtroy'd in Q H by the Re- action 
of the Leg I K muſt be equal to its own Momentum, 
which is as I K; (becauſe Action and Re- action are 
equal) therefore the remaining Momintum of Q H will 
be QH—IK=QH—FH=QF, wherefore the 
laſt Velocity will be as , and therefore equal to 
that at G, and fo carry the Water as high; that is, the 
Jet will riſe from L to M, as high as from G. 


14. To give an Example: Suppofe QH = 25 Feet, | 


FH = IK =; then QF = (QH—HPF =) 16; 


therefore the firſt Velocity will be to the laſt Velocity as 


Vꝛ, -V =i—3=2:V 25—9=v 16 
= 4: "Conſequently the Height of the jet K L is ta 
the Height at laſt K M, as 2 to 4. And thus you car- 


ry on the Calculation for any Length of the Leg I K 
whatſoever. VV e LA 


tbe 
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the Quantity of the Fluid iſſuing through the 
ſame Hole in the ſame Time is always as the 


Celerity of its Motion, as is eaſy to concieve: 
Whit ce the Momenta of ſpouting Fluids are 
proporti anal to the Squares of the Velociti, es, or 
Quantities of Matter iſſuing out in a given 

Time : But fince the Momenta are the Ef- 


[oor i ſhall here ſubjoin a Table of the | Height to 
which Jets will riſe in Feet and decimal Parts from 
. of an Height of five Feet to 150 Feet. 


o ol Jay 
by 
© 


I 
w 
CO 


Jigf17,93130132,4 
20 eee 33.20 
121 — 


16. By various Ex periments that have been made by 
Mr. Mariotte, Dr. Deſaguliers, and others, it has been 
found, that if the Reſervoir be five Feet high, 'a Con- 
duct. Pipe 1 1 $Inch Diameter will admit a Hole in the 


Adjutage from of an Inch to 4 of an Inch ; and 1 | 


on as in the following Table: 


feet: 


- 


one common ConduQ-Pipe, we muſt find the Diame- 


Hy DRAUL ICS. 
fect of Preſſure, it is evident, the Vellcity, 
or Quantity of ſpouting Fluids is ever pro- 


5 | | this 

Height » Diameter of the Diameier of the be f 

Raul. 44 Pipes of Conduct. (1 

5 Feet— þ to3 ——-—— 1 + Inch. | bols 

10 ::; to Inch 2 Inches. mor 

15 : an Inch — 2 Inches. Side 

20 z an Inch 22 Inches. the 

25 : an Inch 2 3 Inches, wil! 

30 : to 3 of an Inch 3 Inches, or 3 . is e 

40 ; of an Inch — 4 + Inches. the 

50 ———-2 of an Inch — 5 Inches. be 

60 1 Inch 5 2 Inches. = T! 

Bo —— 1 ; Inch — 6 4 Inches. ter 

100 ——— 12 or 1 Inch. 7 or 8 Inches. 1 

th 

17. Here the Jet is ſuppoſed to be within 100 or 150 t 
Feet of the Reſervoir; but if the Conduct - Pipe much 

exceeds this Length, it muſt be of a larget Diameter 5 

than what is here aſſigned. Thus for Jets from 3 of f 

an Inch to thoſe of an Inch, and from Reſervoirs c 

from 40 to 9o Feet Height, if the Diſtance be from t. 

150 Yards to 4 of a Mile, the Diameter of the Pipe t 

ſhould be of 6 Inches; from 2 of a Mile to two Miles l 

it muſt be of 7 Inches; and from 2 Miles to 5, it m c 


be of 8 Inches Diameter for the ſame Jets. 
18. If it be required to keep any Number of Jets 
playing, whoſe Adjutages are given in Diameter, by 


ter of an Adjutage equal to all the given ones. "Thus 
if there be fopr Adjutages of 1 of an Inch Diameter 
each, then the Square of 3 is 1, which multiplied by 
. the Number of Adjutages 4, makes #3; the Square 
Root of which is? = 14 the Diameter of the Ad- 
jutage equal to all the four ſmall ones. A Pipe of Com 
duct of 10 Inches Diameter will ſupply all the Jets, as 
being a little more than fix times as great as the Dia- 


meter of the one large Adjutage now found, After 
portional 


w_ Q— —w=y FL oy 


2 


Ihen let vand V be the Velocities with. which the Wa- 


HYDRA U LICS, 
portional to the Square Root of the Preſſure 
or Altitude of the Fluid (LXXIV.) 


be found for any other Number of Adjutages. 
(LXXIV.) To repreſent theſe Propolitions inSym- 


29 


this Manner the Dimenſions of a ConduQ-Pipe may 


bols may render them more perſpicuous, and, perhaps, — HE: 
more elegant. Therefore let Water ſpout from the “ 


Side of a Veſſel at two different Depths B and E from 
the Surface of A; the Momentum of the ſpouting Fluid 


will be as the Force which protrudes it, and this Foree 


is every where proportional to the Altitude of the Fluid, 
therefore the Momentum of the Water at B and E wi 
be as AB, and AE, which let be denoted by mz and M 


ter ſpouts ; and q and Q the Quantities of Water iſſu - 
ing out in the ſame Time from the Adjutages B and E, 


| then we ſhall have m = v9, and M= V Q, And 


therefore : = nu, and Ml „ 


2. Now the Quantity of Water ſpouting from any 


1 Hole in a given Fime muſt neceſſarily be as the Vela- 


city with which it flows; for the greater the Velocity, 
the greater will be the Number of Particles which come 


to the ſame Point in the ſame Time, or the greater will 


be the Quantity of Water which paſles by the Orifice 


| of the Adjutage, as is very eaſy to conceive ; therefore 


* 


9: Qu v: = : of conſequently — X 2 = = 


Xx or M 77 = nQQ; wherefore m: M: * 


QQ (:: vv: VV, as is evident from the Proportiona- 


mn: M:: VB: VX. 


lity of the Roots.) Therefore alſo : Q:: v3 V : 


3. Hence if AB:AE :: 1: 4, the Velocity at E 


will double the Velocity at B, and the Quantity of 


Water which flows from E will be twice as great as 


that which flows from B in one Minute, or any given 
Time. If A E be equal to 9 A B, the Velocity and 


8 _ Fc 


——ũ—6—ꝓ — — — — 2 ᷓ 


— 


—— — 
" * 


”_ 


. 


3 E n PPP 1 * 


— = % 
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Plate 


XVIII. 
Fig. 5. 


PI.XVII to: BC its greateſt Semi- ordinate, the Point B will be 


Fig. 1. 


of a Fluid ſpouting at any Depth below the 


Quantity of Water will be three times greater at E than 
at B, and fo on. „„ 


- Ordinates are as the Square Roots of the Abſciſſæ C , 


locity of the Water ſpouting from G to the Velocity of 


an uniform Motion will carry it over a Space equal to 


nates be drawn through every Point of Diviſion in the 
Axis A B, and Perpendiculars to the ſame Point B C, 
then there will be exhibited at one View the unifarn 
Helocities acquired by the ſeveral Falls or Jets of Water, 


HV DRAU LA e. i 
Fgon hence it appears, that the Velocity 


4. Hence 'tis very evident the Velocity of a Spouting 
Fluid, and that of an heavy Body, which it acquires 
by falling from the Surface of the Water A to the Ad- 
jutage Bor E (in Jacuo) will be both the ſame, as be- 
ing both equal tow ABorV AE. See 4nn:t, XXII. 
F. Hence alſo, if AB DE be a Veſſel of Water 
whoſe Surface is AB, then a Parabola DCE deſcribed } 
on the Bottom DE and Height of the Water O C, will 
expreſs by its Ordinates ac, d f, gi, m, ED, the Velo- 
cities with which the Water will ſpout from the Veſſel 
through Holes G, I, L, N, D, made in the Side upon 
a Level with thoſe Ordinates reſpectively; becauſe theſe 


Cc, Ch, Sc. that is, as the Square Roots of the Alti- 
tude of the Fluid above the ſaid Holes. Thus if C/= 


406, then ac: Im VC: vV Cl:1: 2':: Ve- 


VVV K 


that ſpouting from N. And ſo in every other Place. 
6. Hence, if AB the Axis of a Parabola be equal 


the Focus, and BC the Semi-parameter of the Parabola. 
Now ſince Water, or any heavy Body, falling from 
the Height AB, or Water ſpouting at the Depth AB 
below the Surface, will acquire at B a Velocity that in 


2ABorBC; and ſince in one Second of Time a 
Body falls through 16 Feet; therefore if we divide 
AB into 16 equal Parts, and BC into 32,. and Ordi- 


from all Heights to 16 Feet. 


»- 


> 


Surface, 


H v-p-8 AH,“ en 
Surface, is equal to the Velocity a heavy Body 


| | «vould acquire by 7 alling #1 rom the fame Height; 
| becauſe the Velocity, as was obſerved, is 


always as the Square Root of the Space 


2 
_ 
— 


deſcended through. If therefore on the PI. XV. 
Altitude of the Fluid A K, as a Diameter, Fig: © 


we deſcribe the Semicircle AF K; and 
from any Point therein, as I, we draw 


the Perpendicular I H, that {hall be pro- 


7. Theſe Velocities are expreſſed by the reſpective 
Ordinates, and their Meaſure in Feet ſhewn by the 
Perpendiculars in the Scale B C on the Baſe. Thus, 
for Example, a Fall of 4 Feet gives an uniform Velo- 


city of 16 Feet per Second; a } ail of 9 Feet gives 243 


and ſo of the reſt. Alſo the Time of the Falls, being 


proportional to the Ordinates, might have been ex- 


preſſed by another Scale of 60 Thirds (equal to one 
Second) in the Baſe BC; but to avoid Confuſion, I 


have given the Scale of Time upon the Curve of the 


Parabola : So that any Queſtion relating to the Time, 
Velicity, or Heigbt of à Fall or Jet of Water leſs than 
16 Feet, may be readily ſolved by Inſpection, and 
that to an Exactneſs ſuſhcient for the niceſt Caſe in 
Practice. | = 8 0 


8. After the ſame Manner may a Parabola be con- 


ſtructed for all Heights to an 100 Feet, but that I leave 
to the Reader, that which I have given being nearly 


ſufficient for all common Occaſions. Such a Scale has 


been greatly wanting in Books of this Sort, and ſuper- 


ſedes the Neceſſity of thoſe large Tables which we find 
in ſome voluminous Treatiſes of Hdro/tatics ; as thoſe 
of M. Belidor, &c. Note alſo, the ſeveral Ordinates 
of this Parabola expreſs the Lengths of a Cylinder or 


Column of Water iſſuing from an Adjutage at any of 
thoſe Depths in one Second of Time, as being propor- 


LW 


tional to the Velocity at each reſpective Place. 


portional 


HydzavuLtcs. | 
portional to the Diſtance to which the 
Fluid will ſpout from an Adjutage at H: 
For the Vebbcity will be as the Square Root 
of AH, and the Time as the Square Root 
of HK; whence the Product of theſe two 
will expreſs both the Space paſs'd over by 
the projected Body, and alſo the Line HI, 
as is well known to Geometricians. 
Hence it follows, that a Fluid will ſpout 
from a Hole or Adjutage D in the Centre of 
the Semicircle, or middle Point of the Altitude 
AK, fo the greateſt horizontal Diſtance K M 
 Foffible; becauſe the Perpendicular FD is 
the greateſt that can be drawn to the Di- 
ameter AK. Alſo tis evident, that from 
two Holes B and H, equally diſtant above and 
belw the middle Altitude D, the Jets of Na- 
ter will be made to. the ſame horizontal Diſ- 
tance K N; becauſe the Perpendiculars to 
theſe two Points, vis. CB and IH, are 
egual. | | ; 
© Moreover, the horizontal Diſtance 
K M, to which the Water ſpouts from D - ! 
the Centre, is equal to the Diameter or 
Altitude A K, or twice DF. For fince 
the Velocity of the Jet at Q is equal to 
that acquired by falling through the Height 
AD, or DK, it will, as being uniform, 
1 the Fluid in an horizontal Direction 
over 
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over twice the Space D K or DF in the 
ſame Time: And therefore, ſince the Diſ- 


tances of Jets from P and B are as DF to 
B C, and the Diſtance of the Jet from D 
is equal to twice DF, the Diſtance of the 
Jet from B will be alſo equal to twice BC, 


or KN=2BC (LXXV. ) 


| (LXXV.) 1. The Velocity of che Fluid ſpouting 
from B we have ſhewn to be as V AB. and the Time 


33 


it takes in going to the horizontal Line will be as Pl. XV. 
B E, becauſe that would expreſs the Time if it wete Fig · 6. 


to deſcend to K in the Perpendicular B K, by Ann. 
XXVII. 4. And though it goes not in the Perpendicu- 


lar, but is projected from B with an Impetus in an ho- 


rizontal Direction, it will not by that means be any 
longer arriving to the horizontal Line, but only go in a 
different Tract, as is evident from what has been faid 
in Annotation XXIV. Therefore the Time of its com- 
ing to, the Ground at N will be as HK, that is, 
as the Square Root of the Altitude of the Spout B K. 


2. Now the Spaces which ſpouting Fluids paſs over 


in an horizontal Direction muſt be conſider'd as uni- 
form, becauſe it proceeds from a ſingle Impulſe; for a 
Particle of Water, after it has made its Exit from the 
_ Orifice of the Adjutage, is no more affected by the 
Preſſure.or [Impulſe of the confined Water, and conſe- 
quently. its Velocity in the Direction BC will be uni- 
form. But in all uniform Motion the Spaces deſcribed are 
as the Rectangle under the Times and Celerities, or as 


ABN BK; but this Rectangle is alſo as the 


Line R / ‚ i } LiioBiei jog dt M itt 
3. For let there be drawn A C and C E, 'tis evident 


che Triangle A CK is ſimilar to the Triangle B CK, Pl. XIX. 
becauſe oy: Angles ACK and CBK are right, and Fig, 1. 


the Angle CK B is common to both; therefore A C: 
CK 1 BC B RK. In the ſame Manner we ſhew the 


hs ee 
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I Snarr only obſerve farther in regard || ſel 
to ſpouting Water, that the Jet will go jut 
farther through the bare Hole in the Veſ- far 


Triangle ACK is ſimilar to the Triangle ACB ; there- 
fore alſo AC: CK :: AB: BC. Conſequently, AB: 
BC :: BC: BK; therefore ABX BK — BC*, And ſo 
BC=V/ABXBK =vVAB XVBK. 5555 
4. Now becaufe the Space the Fluid deſcribes ac- 
cording to the Horizon, and the Line B C, are both 
proportional to the ſame Thing, (i. e. to VABX 
VBE) therefore they muſt alfo be proportional to each 
other; and ſo the horizontal Diftance of any Jet, as B, 
will be in Proportion to the Line BC; and the Jet 
from D will be proportional to the Line DF, and ſo on. 
5. If now D be taken into the Centre of the Circle 
AFK, the Velocity at D. would (as being uniform) 
Earry it through twice the Space A D=2DF=DP in 
the horizontal Direction or Line DP, as is evident 
from Aunot. XXVI. 7. becauſe the Particles of a Fluid 
obſerve the ſame Laws of Motion with larger Bodies. 
Conſequently, though the Fluid goes not in the Direc- 
tion or Line DP, it will go to the ſame Diſtanee from MW pa 
the Perpendicular DK on the Horizon; becauſe D K 
A P, or the perpendicular Spaces, and conſequently 
the Times of the Fall, are equal. Whence, beciuſc L 
the horizontal Diſtances deſcribed by Jets from D and 
B are as DF and BC, and the horizontal Diftance of Fe 
the Jet from D is 2 DFP=DP=EM, therefore the ho- 
rizontal Diſtances of the Jet from B will be equal to 
6. From what has been hitherto ſaid, tis eaſy to 
obſerve that the Motion of a ſpouting Fluid is every way 
fimilar to that of a projected Solid. The Path of the Fluid E 
is a Parabola, becauſe it is impell'd by two Fortes, one f 
horizontal, the other of Gravity in the Perpendicular, I 
in the ſame Manner as was fhewn of the projected So- 
tid. The Impetus of the Jet B, D, "1 is the 
Height of the Reſervoir AB, AD, AH, AE, the | 
greateſt horizontal Random K M is. that fram the Jet 


ſel 
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ſet at P. Q, or R, than through the Ad- 
jutage PB inſerted in thoſe Holes, and 


| farther ſtill in Proportion as the Adjutage 


D, directed to the middle Point F of the Semicircle ; 
and any two Jets equally diſtant, as B, H, go to the 


ſame Diſtance K N on the Horizon. If the Adju- 
tage be horizontal, the Jet will be a Semi-parabola ; if 


oblique, it will be a whole Parabola. All which Particu» 


lars were obſerved to be the Properties of the Motion of 
ſolid Projectiles; a Jet of Water being every Way the 
ſame as a Diſcharge of ſmall Shot. 

7. But to apply this more pacticularly : Let ABCQL 


be a Fountain and Conduct-Pipe with an Adjutage P. XIX. 
moveable on a Joint, to be ſet in any Poſition; as per- Fig. a. 


pendicular, as at I; oblique, as at K; or horizontal, 
as at L. In the firſt Caſe, a Jet will play upright to 
D; the Height of which Jet I D is the Inpetus, or the 
Meaſure of the Force of the Machine to project the 
Fluid. If the Adjutage be placed obliquely, as at K, 
the Jet of Water will be the Parabola K F H; but if 
placed horizontally, as at L, it will form the Semi- 
parabola LN. * this latter Caſe it will be LM 
65 1 M = 

MN MN LI Latus Rectum of the Parabola 


LN when compleated. 


8. But it has been ſhewn, that the Impetus I D, or 


Force by which the Parabola is deſcribed, is equal to 
one fourth Part of the Latus Rectum, ( Annot. XXXIII. 


12.) therefore it will always be ID = ILA conſe- 


* 


ſee a 
Height of e Reſervoir whence it comes, we can eaſily 
find it by the Proportion above, becauſe the three firſt 
Terms ate always given by Meaſurement. 
9. By this Means alſo we can eſtimate the Force by 
which any Fluid is projected, where no Reſervoir or 
Preſſure of Fluids is concern'd, but the Action of Solids; 
as the Force by which the Urine is protruded; the 


D 2 13 


quently, 4 LM: MN. MN: ID. So that if we 
Tn of Water at any Time, and would know the 
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he tried the ſame Experiment, and the Blood roſe to 
Artery as before. In another Mare he fix'd a Pipe and 


_ Carotid Artery, where the Blood roſe to 9 Feet and 
6 Inches. In an Artery of a Doe it roſe to 4 Feet 2 
Inches; in a Dog, to 6 Feet 8 Inches; in a Sheep, 
to 6 Feet 52 Inches; and he conjectures that it will 


6 Inches. 


Ventricle of the Heart (of the firſt Mare) propell'd the 


HyDRAULICS, 
is ſhorter and the Bore larger. On the 
contrary, if a Pipe be inſerted perpendicu- 


Force of Reſilition in the Blood ſpouting from Veins 
and Arteries in Bleeding; the Force by which the 
Chyle aſcends from the Receptaculum by the Thoracic 
Duct to the Left Subclavian Vein, or by which the 
Blood aſcends from the loweſt Parts of the Body to the 
Heart. In ſhort, nothing in the Animal 8 can 
be well underſtood but by an Acquaintance with the 
Hydraulic Laws of Fluids: For an animal Body is the 
moſt curious and compounded Hydraulic Machine in 
Nature. Ce EE TY... 
10. A ſignal Example of the Uſe of Hydraulics in this 
Reſpect I ſhall produce from the admirable Experiment 
of Dr. Halis in his Hemaſlatics. The Doctor cauſed 
a Mare to be tied down, alive, and laid open the Left 
Crural Artery, in which he inſerted a Braſs Tube, and 
on that fix d a Glaſs Tube; and then cutting the Liga- 
ture on the Artery, the Blood roſe in the Tube in an 
Inſtant about 4 Feet, and continued to riſe till it attain- 
ed the Height of 8 Feet and 3 Inches. In a Gelding 


the Height of 9 Feet 8 Inches: This was in the ſame 


Tube into an Inciſion of the Left Jugular Vein, and the 
Blood roſe to 4 Feet; and then he fix'd it in the Left 


very probably riſe in a Man to the Height of 7 Feet and 
11. Now to eſtimate the Force with which the Leſt 


Blood, the Doctor found by means of injected War, 
that the Capacity of the Ventricle was 10 Cubic Inches, 
and the Surface on the Inſide was equal to 26 Square 
Inches ; alſo the Area of the greateſt Section of the 
Ventricle from Apex to Baſe was 6,83 Square Inches: 
Conſequently the whole Preſſure upon the internal Sur- 


larly 


HyYDRAULICS. 
larly into the Bottom of a Veſſel, it will 


diſcharge - itſelf ſooner through it, than 


face of the Ventricle was equal to 26X 1142 2964 Cu- 
bic Inches. (See Annot. LV. 10, 11.) Alſo the Weight 
or Preſſure downwards was equal to 6,83X114=778,63 
Cubic Inches, that is, to the Height multiplied by the 
Area of the greateſt Section of the Ventricle. 


12. Now a Cubic Inch of Blood weighs 267, 


Grains; wherefore 2964 X 267, = 113, 22 Pounds A- 


vo irdupois, allowing 7008 Grains to a Pound; which 


therefore is the Force of Preſſure upon the Surface of the 
Ventricle when dilated. Again, 6,83 X 114 = 29,7 
Pounds the Force of Weight, or the Momentum of the 
Blood which the muſcular Fibres of the Ventricle muſt 
reſiſt in ſupporting ſuch an Altitude of Blood, on ſuch 
an Area of Baſe. | = h 
13. The Velocity of the Blood entering the Aorta is 
thus computed : The Ventricle each Syſtole throws out 
10 Cubic Inches of Blood, and the Area of a tranſverſe 


Section of the Aorta at the Heart is 1,036 ; therefore 


10 
1,0 36 c 3 
Blood form'd in paſſing through the Aorta's Orifice at 
each Syſtole of the Ventricle. The Ventricle contract- 
ed, or the Pulſe in the Horſe beat 36 times in a Minute, 
or 2160 times in an Hour; but 9, 4X 2160 g 20819, 4 
Inches, or 1734, 9 Feet, would paſs in an Hour, if the 
Time of the Contraction of the Ventricle were equal to 
the Time between two Pulſes: But it is but a third Part 
of that Time; therefore three times 17 34,9 Feet, or 
5204,7 Feet, will be the Velocity per Hour, or one 
Mile nearly, or 86,7 Feet per Minute. | | 

14. But this Velocity is abated by the Diviſions and 
Subdiviſions of the Artery into numberleſs Branches, 


7 * 9,64 Inches = the Length of the Cylinder of 


* 


ſo that in the fine Capillaries it muſt be nearly deſtroy- 


ed, did not other Powers take place to continue and 
augment it; ſuch as the Re- action of the elaſtic Coats 
of the Arteries, the Attraction of Cohefton, and per- 
haps an electrical Virtue ariſing from conſtant At- 


f 
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chrough the bare Hole, and ſtill quicker. N 
as the Pipe is longer and larger (LXXVI.) tio 


trition, and extended through all the tubular Com- 
pages. TE 8 nam}; 
(LXXVI.) 1. Let AB be a Veſſel fill d with Water, 
it will run out at the Bottom through a Hole with a Ve- 
locity at firſt proportional to the Height AC, which 
will conſtantly decreaſe with the Altitude till the Veſſel 
xx be emptied. If another Veſſel N K, equal to the former, 
Pl. X * has a Tube inſerted at the Bottom, as LM, the Wa- 
Fig. 3. ter will begin to run out at M with a Velocity propor- 
tional to IM ; the Veſſel NK will therefore be exhajiſt- 
ed ſooner than the Veſſel A B. If another Veſſel EH 
be of an equal Diameter with the Veſſel N K or A B, 
and equal in Length to the Veſſel and its Pipe, he Sur- 
face of Water in each will begin to deſcend with equal 
Velocities ; but that in E H will ſoon become greater 
than that in N K, becauſe of an equal Altitude of the 
Water, and a freer Exit at the Bottom, as having no 
narrow Tube to retard it. 5 
pig 4. . 2- The Theory of Water running through a Hole 6 
8 4 EF in the Bottom of a Veſſel ABDC is of a curious 
Conſideration, and may be thus explain'd. AB is the 
Surface of the Water, or Diameter of the Orifice of the 
Veſſel ; and ſince the Water muſt move from the Sur- 
face to the Hole EF, it muſt move in a Body of a par- 
ticular Figure AMEFNB, which is call'd the Cataract 
of deſcending Water. Now the Nature of the Curve 
AM Eor BN F is thus determined, ; 
3- The Momentum of moving Water is every where 
the ſame, (Annot. LXX. 17.) viz. at AB, MN, or 
E F; alfo the Velocity at MN or EF is as AHR 
or V HG, (Annctat. LXXIV.) If we now take MN 
as an Ordinate to the Curve A ME, and put MR = 
»/and HR = x; then ſince the Quantity of Water 
flowing by MN in a given Time is as the Area of the 
Section or Square of its Diameter, viz. MN, 
which is as y y, and alſo becauſe the Velocity 
d as HRS x, therefore the Momentum of the 
Water will be yy XVx. And becauſe this is every 


II. Tux 


Hrynzxaviics. 
II. Tux ſecond Cauſe of the Riſe or Mo- 
tion of Fluids is the Preſſure of the Air on 


where the ſame in the moving Cataract, the Quantity 
„n, given or conſtant; and ſo * V x = 11 


and / x =— „ Whence x =—; which ſtews the Curve 


AME, is an Hyperboloid of the fourth Order, whoſe 
Aſymptotes are X I parallel to the- -Horizon, and I G 
perpendicular thereto. 

4. To find the Quantity or Magnitude of the Cata- 


ract we proceed thus; let n be drawn CY near 


MI then will Rr= 5 +, and ee K 2 > we have 
9 


5 = — - 19 n-. The 4 of the Circle 
upon the 1 W is p yy, but D* 2 


Rs, — 2 

Dy - * 75 apy = 255 . 

C.= — the Cataract: But becauſe XA — = T—=T * = 
3 


dierefore_ xyy.= _ , conſequently 2 xpyy = - — 


taract ; but 2 3 2IR, and pyy is the Area of the 
Circle MN. Therefore the whole Cataract from any 


Section to the Aſymptote XX, is equal to a Cylinder 
whoſe Baſe is the Section of the Cataract, and its 
3 twice the Height of the Cataract. 

. Now tis very evident from what has been ſaid of 
the Nature of the Curve Y AM E, that as ſoon as the 
Water begins to run out at E F, there will be at that 


Inſtant a Velocity in all Parts of the Cataract even in 
thoſe of the Surface A B. For let A = Area of the 


Circle upon AB, or Orifice of the Veſſel, and a=Area 
of the Hole E F; V==Velocity-of the Water in paſſing 


through the Hole, and v=the Velocity at the e 


AB. Then becauſe it is Aga V; we have V: o: 


A: a; therefore whatever Proportion a has to A, the 
ſame Proportion will there be between v and V. So 


D 4 the 
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r 
the Surface of that in the Fountain or Re- 


ſervoir. Thus if a SyPHON or Crane be 


that till A becomes infinite, or till A B coincides with 
XX, there will always be ſome Degree of Velocity in 
the Surface of the Water. But when A is infinitely 


greater than a, v will be infinitely leſs than V, that is 


nothing at all. En EGS. 
6. Since the Aſymptote XIX (or the infinite Sur- 
face of the Water) is the higheſt Part of the infinite Ca- 


taract, and where the Velocity commences, it is evi- 


dent the Velocity will be in all Parts below as at A B, 
EF, as VIH and V/IG; conſequently the Velocity 
of the Water is different from that of Bodies falling 
ſrom the Height of the Fluid, for of ſuch a Body the 
Velocity at EF would be as VH G, and at AB it 
would be nothing. on 

7. Let G H = H= the Height of the Water in the 


Veſſel, and IH z, then will H+z=IG. And fo V: 


v:: Ara: VTG:VTH:;VHÞz VZ or V.. 
v:: AL: al:: HZ: z; whence by Diviſion of 
Proportion, we have H+z: H:: VI: V*—r* :: 5 
A 2 e 2 ; T2 bo 

A 5 z conſequently HE IG 8 


N 


* 


8. According to Sir Jſaac Newton Bodies fall in Va- 
cus at the Rate of 193; Inches, or 16 2 Feet, the firſt 


Second, which Velocity becoming uniform will carry a 
Body over twice the Space in one Second, . viz. 323 


Feet. But uniform Velocities are as the Spaces deſcrib- 


ed by them in the ſame Time: and the laſt acquired 
Velocities of falling Bodies are as the Square Roots of 
the Spaces deſcended through; therefore 323: V. 


— 


| Aa 


Vibg: VTG or H. Wherefore I 


| 104 


V8, o773 Vd, or 8,02773 VA*H pee, 
FD fn fo Ee FEW 48 A+ V+ An. Na 


or 96, 33276 ED Inches fer Second. 
na 


im- 
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immerſed with the ſhorter Leg in Water, 
and the Air ſucked out of the Inſtrument, 

9. When A is very great in reſpect of a, then a⸗ 


may be rejected as inconſiderable; and ſo the Expreſ- 
ſion will be reduced to 8 027730 l Feet, or 96, 33256 


VH Inches, for the Velocity of the effluent Water per | 


Second. But (as Sir Iſaac Newton found, and is eaſy 
to obſerve) this Velocity is not ſo great in paſling thro”: 
the Hole in Experiments, as the Theory gives it: The 
Reaſon is, becauſe the Vein of efluent Water contracts 
itſelf, and grows narrower to the Diſtance of about a 
Diameter of the Hole below it; where, by meaſuring, 
Sir Iſaac found the Diameter of the Vein to that of the 
Hole as 21 to 25; whence the Area of a Section of the 
Vein there will be to the Area of the Hole as 44 1 to 


625, that is, as 1 to V 25 conſequently, the Veloci 
ty of the Vein is to the Area of the Hole as V tor 


in that Part, becauſe of equal Momenta in both Caſes. 


10. Hence, if I G = 48 Inches, and the Diameter 


of the Hole 1 Inch; then 48 ＋ 1 240 Inches will be 
the Height from the Place where the Velocity is great- 
eſt. Now the natural Velocities acquired by Water de- 


ſcending freely, from the Heights of 48 and 49 Inches, 
are as 69 to 70, and therefore nearly equal: Con- 
ſequently, the great Inequality of 1 to V/2, or the 
Diminution of the Velocity in the Hole, muſt be ow- 
ing to the Retardation occaſioned by the lateral Water, 
reſiſting in ſome meaſure its perdendicular Deſcent. _ 
11. — Velocity of the Water in the Hole is 


very nearly equal to that which would be acquired in de- 


ſcending through 2 I G; becauſe the Velocity acquired 
by deſcending thro' 4 10 is to that acquired by deſcend- 
ing through I Gas i to Vz. Whence the Velocity 
in the Hole is to be diminiſhed in the Ratio of 1 to 


bat Thus as rt l 8 


5,67) 35 and*as 1,414 : 1 :: 96, 33276: 68, 12783 fa 


that the true Velocity of the Water in the Hole is 


5,6773 H Feet, or 68, 1278 H Inches per Se- 
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the Fluid will . aſcend into the vacuous 


Space by the Preſſure of the Air on 


12. We obtain an Expreſſion of the Velocity alſo in 
other Terms, thus : The Quantity of (Q) of Water 
diſcharged i is greater in Proportion to the Area of the 


Hole (a), the Velocity (V), and the Time'(T) which 


it ſpends. Therefore Q=TVa; and fo V= * = 


68,1278 of H; and conſequently Q=68,1278 T a 


IH. Or, becauſe a = 0,785398 d d, therefore Q 


=24$43:53074764d T H Cubic Inches of Water. 

And becauſe a Cubic Inch of Water weighs 253; 
Grains, the Weight of the Water diſcharged will be 
W = 13555,32dd TV H. 

13. Suppoſe a Veſſel ro Inches ſquare, 4 Feet or 48 
Inches high, and having an Hole at the Bottom 1 Inch 
ſquare. Then will A=100, a=1, and H= 48; 

A* 10000 


alſo A*= 10000, a*=1, and ſo : 8 


Af—a 999 
17,0001, which may be rejected as inconſiderable. 


Wherefore 68,1278 V/ H = 472 Inches ( fers) the 
Velocity of the iſſuing Water per Second. Q=100X 


48=4800 Cubic Tnches : Whence 882 222 =10 
472 - V 


Seconds, the Time in which ſuch a Veſſel would diſ- 


charge a Bulk of Water equal te its own Bulk, if kept 
continually full all the while. 


"x2. Now becauſe, whien a is ___ Q= TV; and 
when Qiz given, TV=1, and T= . and V 2 T, 


tis plain all theſe Caſes are the ſame with thoſe of Bo- 
dies moving uniformly, as in Annot. XXII. And fince 
V is a given Quantity when it increaſes or decreaſes in 


a given Ratio, thereſore the above Theorems will be 


equaſly adapted to the uniformly accelerated and retard · 
ed Motion of Bodies, whether ſolid or fluid. From 
whence we can eſtimate the Time in which the above. 


the 
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the Water in the Veſſel, and fill the 
whole Cavity of the Tube; and bes 


cauſe there 1s a greater Column or Body 
of Water in the longeſt Leg, it will prepon- 
derate and deſcend through it; and will 
keep flowing out, till the Veſſel is exhauſted 
to the Orifice of the ſhorter Leg (LXXVII.) 


mention'd Veſſel full of Water will be diſcharged 
its own Gravity only. L | 
15. Thus it is evident, that the Column of Water 
that ſtands over the Hole will deſcend alone through it 
in 3 a Second, becauſe Bodies fall at the Rate of 4 Feet 
in 3 a Second, and that is the Height of the Column. If 
the Veſſel contains any Number of equal Columns be- 
ſides, the Time of their Evacuation will be proportio- 
nal ; that is, Q will always be as T, becauſe V in all 
Caſes (uniformly decreaſing with the ( H) Square 
Roots of the Altitudes) is a given Quantity ; and be- 
cauſe there are 100 ſuch Columns in the Veſſel, it will 
require 100 Half-Seconds, or 50 Seconds, for the Time 


of the Diſcharge. This would be the Time, were the 
Water to ſet out with the Velocity of the Deſcent 
from the Height of 4 Feet: But ſince the initial Velo- 


city is leſs than that in the proportion of 1 to , 
Art. 9.) and fince the Times are inverſely as the Ve- 
locities when Q or the Quantity of Water is given, 
(Art. 14.) therefore as 1: V 2=1,414 :: 50” : 70,% 
=the true Time of the Diſcharge. * | 
(LXXVIEL) 1. It bas been already ſhewn, that 
when a Syphon is firſt fill'd with, and then immerſed in 
Water, it is the Preſſure of the Air that cauſes it to 


continue full, and that it runs out of the longer Leg by 


the Preponderancy of Water in that Leg. (Ant. 


LXXII.) I ſhall only add here, that when the Air is 


drawn out by the Mouth-Piece, the Preſſure of the Air 


on the Surface of Water in the Veſſel cauſes it to rife 
into and fill the Syphon; to evince Which, we need on- 


Tux 
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Tux Effect of the Common PumP 1s 
from the ſame Principle: For the Bucket 
or Sucker, raiſing a Column of Water 
above it in the Barrel, makes a vacuous 
Space, or greatly attenuates the Air in the 


Barrel and Pipe below it ; whence the 


Water muſt neceſſarily rife in the Pipe, by 
the ſuperior Preſſure of the Air on the Sur- 
face of that in the Well. The Water 


aſcending in the Pipe, paſſes through the 


Valve in the Bottom of the Barrel, which 


ſhutting upon the Depreſſion of the Suc- 
Ker, the Water is thereby forced through 
the Valve of the Sucker into the Ciſtern 
of the Pump, and diſcharged through the 


Spout. All which is clearly ſnewn by tlle 


Model of a Pump in Glaſs (LXXVIII.) 


| Jy put a Syphon, while working, under the Receiver of 


an Air-Pump ; for upon exhauſting all the Air, the 
Syphon will ceaſe running. 10 
2. Or if the Syphon be equicrural, or has both the 
Legs of an equal Length, the Water will not run thro' 


it, becauſe the Force of Water againſt the Air at each 


Orifice is equal. The ſame Thing will be effected 
with a Syphon of unequal Legs, though the ſhorter Leg 
be immerſed in Water, if the Syphon be ſo inclined 


that the Orifice of both Legs be on the ſame horizon- 
tal Level. I need not after this give the Reaſon why 


the Water will not run out of the ſhorter Leg, if the 
longeſt be placed in the Water. as 

(LXXVIII.) -1. I ſhall here give the Theory of 
Pump-IWirk, and the StruQure of ſuch Pumps as are 


found to be moſt uſeful for the various Purpoſes of Life. 


The Theory depends in a great Meafure upon thoſe 
bs bh III. 


£ * * I 
* „ " "Of A _ kn 4 


_ > 
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as 2g with one another. 
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III. IV. Bur the moſt conſiderable of 
all WATER-ENGINES. is thaticalld Ne- 


Properties of the inverted Syphon, or Fountain, deſcrib- 


ed in Anmot. LXXII. Art. 11, 12, 13, 14. Let 
ABCDEFG repreſent the inverted Syphon there de- 


ſcribed: Only here the Part AB C repreſents a Co- 
lumn of Air, and DG the lower Part of the Pipe of à 


Pump immerſed, in the Water of the Well H IJ. Let 
P be the Piſton. of the Pump at E in its loweſt Situa- 


tion, and at F in its higheſt. Now as both theſe Parts 
communicate with the Water, one by preſſing on it, 
the other by opening into it, they may be looked upon 


# 0 


= ; * WE * 8 . . 
2. Now the Column of Air, would by its 


1 


Weight or Preſſure force, up a Column of Water into 
the Pipe DG to the 5 of 
ipe, 


33 Feet, were the Air 
and continued to that 


exhauſted from the ſaid 


Height; (the Woh. of a Column of Air being equal 


to the Weight of ſuch a Column of Water of the ſame 


. Baſe, as will be ſhewn hereafter,) If now the Piſton P 
be thus thruſt down to E, meeting the Water there, 


and from thence it be raiſed toF-with an uniform. Mo- 


tion, the Water will riſe from E to follow the. Piſton 


with a variable Velocity the leaſt of which is as WA'C 


| E, and the greateſt as V /ACDE=v AB, 
2 (by Ann:tation XXIV. I 2.) 15 | ? 


3. If in lifting up the Piſton the Velocity of Water 
be leſs than that of the Piſton, it will not be able to 
follow it, but will leave a void Space between them, 


which will increaſe more and more as the Velocity of 


Water becomes leſs than that of the Piſton, The 
Conſequence of this will be, that a Part of the Stroke 
of the Piſton will be loſt ; and not only that, but the 


_ Piſton, when the Water leaves it, will riſe very hare, 
as having the Weight of Water upon it, and the Air 


of greater Denſity above than below; hence the 


Equilibrium, which ought to be in Pumps, is deſtroy- 


ed, and the Balance againſt! the Workman. Now as 


this can happen where the Diameter of the Sucking- 
Pipe is equal to that of the Pump · barrel, much ſooner 


— 


| ſham's 
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ſham's Engine, from the great Improve- 
ments which Mr. Neuſbam made in it; 


will it happen when the Pipe is leſs than the Barrel, 
becauſe the Water riſing through a lefs Paſſage will 
be no longer in filling the Pump- Barrel, and therefore 

quit the Piſton, and leave the greater void Space be- 
tween. TED e 
4. On the contrary, if the leaſt Velocity of Water 
riſing in the Pipe be greater than that pf the Piſton, 
there will be no void Space; and the Pump-Batrel m.: 

de made in proportion as much wider than the Pipe 2s. 
the Velocity of Water is greater than'that of the Pift- 
an. Now that this may be the Caſe, we ſhall ſhew 
by Calculation what Diameters the Barrel and Pipe 

Pl. XIX. ought to have compared with the Velocity of the Wa- 

i ter and Piſton. Let A reprefent the leaſt Altitude of 
the Atmoſphere AC=31 Feet of Water; B=DF the 
higheſt Elevation of the Piſton above the Surface of the 
Water HI, which let be 16 Feet. And let the great- 
eft Velocity of the Piſton which can well be given to a 
Pump be that of four Feet in a Secohd=v ; and V 

the leaſt Velocity of Water that riſes in the Pipe ; D= 
— Diameter of the Barrel; and d = Diameter of the 
5. Now here we have A- B=V = the Jea(t 
Velocity of Water; and the Fall which will produce 
that Velocity is the Square of that Expreſſion, uz. A 
+B—2V AB, that is, 314+16—2V/31X10=2 Feet 6 
Inches, the Height of the Fall required. Whereas by 
the common Way of taking the Square of AgB. 
viz. A—B for the Height, we have 15 for the Fall, 
which extraordinary Error muſt be of very bad Conſe- 
quence in Praftice, e n 
6. Here the Velocity WA—y B=v/3i —v16= 
$,6—4=1,0 per Second. The Velocity of the Wa- 
| ter at the Bottom of the Pipe D is as / A=5,6; that 
| alſo muſt be the Velocity of the Piſton at D, that the 
| Water may follow it; whence the Piſton moving with 
| the ſame Velocity at F, where the Velocity is but 1,6, 


the 


„ 


1 0 —y 
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an Height of Water of 18 Feet in the Pump G D 
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the Nature and Effect of which will be 


eaſily underſtaod from a perpendicular 


we have 5,6—1,6=24 Feet of void Space, therefore 4 


Parts in 5,6 of ſuch a Stroke would be loft or ineffec- 
ual. We may here obſerve by the Way, that ſinee 


the Velocity of the Water at D is 5,6, and the greateſt 
Velocity which can be given to the Piſton (without da- 
maging the Machinery) is but 4; therefore a Piſton 
working at the lower End of the Pipe ot Barrel will al- 
ways have Water more than enough to prevent any 


— 


void Space or Loſs of Labour. 

7. But ſince we find ſo great a Void in the Pipe at 
F of the ſame Diameter with the Piſton, tis evident if 
we contract all the Parts below F into a ſtnall Pipe as 
FD, and let the Part FG remain as it was for the 
Barrel for the Piſton to play in, as at F G, that then 


the Water will riſe into the Barrel FG with a greater 


Velocity than before, in proportion as the Pipe is leſs ; 


_ conſequently if the Bore of the Pipe F D be to that of the 


Barrel FG, as the Velecity of the Piſton P, er the Water 


in tbe. Barrel, is to the Jelacity of 4 Marr in the Pipe, | 


there will always be a Sufficiency of Water to prevent 


a Vacuum in the Barrel. Which Rule in Symbols is 


thus expreſſed; DD: ad :: V: o; whence Dv= 
d*V for a general Canon; any three of which Quan- 


tities being given, the fourth may be found. | 


8. Thus, for Example, ſuppoſe D, u, and V were 


given to;tind d, we have a Let the Diameter 


of the Barrel D= 6 Inches. And ſuppoſe the Piſton 


gives 20 Strokesin a Minute, each a two Foot Stroke, 
ſpending as much Time in its Aſcent as-Deſcent, then 
will the Motion of the Piſton be 80 Feet per Minute, 
or 17 per Second; whence v=14, Laſtly, to obtain 
the Value of U, we muſt fix on the Length of the Pipe 
F D, which let be 16 Feet, then the higheſt Eleva- 
tion of the Piſton will be 18 Feet (if it comes to the 
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Bottom of the Barrel, as it ought to do z) wherefore pl. XIX. 


Section 


acts Fig. 3. 
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Section of a Model, with ſome Variation iſ 0 
which I have made of the Structure there- E 

* 


Falls * 31 add 18 Feet 3 Thus V/ 785 V 
22: ½½ãJr: 43 nearly; and v/ 16: : 32 : v8: $23; is, 
whence the Difference of theſe uniform Velocities will of 
de 43— 321 =107=10 Feet 3 Inches per Second ; th 
= therefore V= 10x. - - Wherefore 27. d = 275 x bo 1 
ches for the en, of the Pipe FD. 5 
17. The Reaſon why we make no, Uſe of the Ex. : 
- preflion VAC in this Caſe; is becauſe this h 
gives only the Difference of the inſtantaneous Veloci- 
ties, or the leaſt. Velocity with which the Water at F 8 
| can begin its Motion upwards, whereas we here want ; 
to find what the conſtant and uniform Motion of the J 
C1- Water will be, or how much it will ſupply. ev 4 i 


- cond: uniformly, which is done by the Method a 
For ſince a Fall of 16 5 gives an uniform Velocity of 
32 Feet per Second, a Fall of 31 Feet will give 43; 
thus a Fall of 18 Feet will give 321, and their D. 
rence muſt be that of the Water at F. 
18. If we know the Velocity of the Piſton v, the 
Diameter of the Barrel D, and the Diameter of the 
Pipe d, we ſhall find the Velocity of the Water in the 


Pipe V e or thus in Words, Multiply the 


| Square of the Diameter of the Barrel by the V elocity of the 
* Piſton ; divide the Product by the Square of the Dia- 
meter if the Pipe, the Quotient will be he Velocity ſought 
from the Water in the Pipe. This Velocity, when found, 
muſt be taken from 4.3, the Remainder 43—V will de 
_ the uniform Velocity produced by a Fall from the higheſt 
Situation of the Piſton to the loweſt Surface of the Wa- 
ter in the Well, and which is found by ſaying, as 32 : 


of. 


0 


HVYTDRNAULAH e 
of. The Motion of the Water in this 
Engine is effected by the Preſſure of the 


T6: :: 43—V : VDF ; whence DF the higheſt E- 
leyation of the Piſton will be known. 
19. When we know D, V, and d, we find v the 


Velocity of the Piſton by this Theorem H=. that 


is, in Words, Multiply the Square of the Diameter 
of the Pipe by the Velocity of the Water in it, and divide 
the Product by the Square of the Diameter F the Barrel, 
the Duoticnt is the Voliciiy of the Piſton required, 

20. Having given the Velocity of the Water in 
the Pipe V, the Diamgęer of the Pipe 4, the Velocity of 
the Piſton v, to find the Diameter of the Barrel D, we 


- . . 
have this Theorem D z; that is, Multiply the 
UV 


Sguare of the Diameter of the Pipe by the Velocity of its 
Water, and divide that Product by the Velocity of the Pi- 


ſton; the Square Root of the Quotient is the Diameter of 
the Barrel ſcught. 
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21. If a Piſton works in a Barrel or Pipe AD of the pl. XIX. 
ſame Diameter from Top to Bottom; then we can find Fig. 6. 


the Height to which the Water will riſe at every 
Stroke of the Piſton playing at any Diſtance above the 
Surface of the Water B D. Thus let E be the loweſt 
Part to which the Piſton comes, and let ED=12 Feet 
Diſtance from the Water, and ſuppoſe its Length of 
Stroke EF=4 Feet. Then when the Piſton is at E, 
the lower Part of the Pipe ED is fill'd with Air of the 
ſame Denſity or Spring with the common Air, which 
call S; when the Piſton is raiſed from E to F, ſo that 
FL gib, two Effects will follow; one is, the Air will 
now expand itſelf into a larger Space beneath the Pi- 


ſton, and have its Spring weakened ; the other is, that 


ſince the Spring of the Air in the Pipe is leflen'd-it will 
preſs leſs on the Surface of the Water in the Pipe.than 
the external Air preſſes on that without, the Water will 
riſe ſo far into the Pipe, till its Weight, together with 


Vor. II. — 1 
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Atmoſphere, by the Force of Piſtons, and 
. b& the Spring of condenſed Air, in the fol- 


| * diminiſh'd Spring of the Air, be equal to the Preſſure 
of the external Air, 
22. Suppoſe the Water riſes to c; call its Height 
CD=zx ; then the Space into which the Air is expand- 
of will be FC=16—x, Let its Spring thus diminiſh- 


Pl. XIX. ed be call'ds ; then the Spring of the Air being inverſe- 


* as the Spaces which it takes ap. ve have 8: 5 16 
* =. The Weight of a 
8 of Water 32 Feet high is equal to the Preſſure 
of the Atmoſphere, that is, equal to S ; whence 32: 8 


NM: _ the Weight of the A? ater x. But this ad- 
ded to the 8 Spring of the Air is equal to 83 
that is,—7 g — 55 >= =$ and dividing by 8, we hare 


IS 

Ib—x 
 —48x=— 128, and by adding on each Side the Square 
of 24 (to compleat the Square) we have x*—48x+ 
$576=576—128= 448, and extracting the Root, x—24 


=== 448===21,166. Wherefore x= :,834=DC, 
the Height of the Water required. 

23. This Height taken from 12=E D; leaves E C 
=, 166, and calling the whole Height to which the 
Water will riſe by the firſt and ſecond Stroke t by 
4; we ſhall have this ſecond & determin'd by the 


W 72 1, inveſtigated and reſolved 28 5 


10— & 


8 how. For ſince the Water CD cannot recede (by 
reaſon of a Valve below) when the Pifton à ſecond 
Time comes to E, the Valve in the Piſton will be 
opened, and the Part EC again fill'd with common 
'Air; whence 8:7 1 16 - ,: 9,166, Cc. as before. 
| bra ation reſolved gives x = 5,098, from which 
tak fiſt +=2,8 89 2,264, ſor the 


lowing 


— *: 123 therefore 


3 _ 1; or 384L16— 512-3253 or a* 


ew ww „„ 4 
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lowing Manner, viz. When the Piſten R 


is raiſed, a Vacuum would be made in the 


Height it riſes the ſecond Stroke. In the ſame Manner 


we calculate that the Water riſes, 
Firſt Stroke 2,834 ——— 2,334 
| Fourth — 2,043 | ; 9, 166 
0 Fifth — 2,41 3 "Ie LOT 1,579 
5 24. But to ſave the Trouble of a Calculation every 


Time we would find x for the various Heights of the 
Piſton, let us raiſe a general 'Fheorem for all Caſes ; 
thus let a = the 2 Elevation of the Piſton, 52 
leaſt, a—b=p=the Length of the Stroke; and 5 = 
Height of a Column of Water equal to the Weight of 
the Atmoſphere ; then the foregoing Theorem will 


e | 5 | 
become = + r, and ſo ax—»*þ+b hzah—ab; 
or at- = ah > bh = ph; putting — 
=, we have 2 —xx pb; and changing the 
Signs we have xx — 25x ==; and compleating 
the Square, X — 2 * = $85 home 5 and ſo X — = 
VN ph and ann „NI. 

25. Now this general Theorem finds not only x5 
but any of. the other Quantities, having the reſt given. 
Thus ſuppoſe the higheſt Elevation of the Piſtan be 16 


Stroke 10 Feet: Quære þ the Length of the Stroke ? 
Here x=10, and: 6 then above we had 


2 JM 


F 2 8 N an 


near 12 Feet for the Length of the Stroke required. 
26. Since after every or Aſtent of the Piſton, 
the Air in the Barrel is in a dilated State; and ſince 


Fest =, 52323 and I would raiſe the Water the firſt 


E 2 | Barrel 


52 


n” 
Barrel TV, did not the Water follow it from 


the inferior Canal EM (through the Valve 


when the Piſton deſcends, the Water by its Tendency 


downwards carries down the Valve at D, and by this 
means cuts off the Communication of the Air at D, 
and ſupports the Column of rais'd Water, tis plain 
the Valve in the Bucket of the Piſton will be affected on 


its upper Part by the Weight or Spring of the common 


Air, and on the under Side by the Spring of the dilated 
Air only; and therefore upon the Deſeent of the Piſton 
the Valve of the Bucket will not riſe but compreſs the 


internal dilated Air into a Space gradually leſs till it? 


Spring by that Means comes to be equal to that of the. 
external Air, and then as the Piſton deſcends it will ſuf- 
fer no farther Compreſſion, but force up the Valve, and 
make its Eſcape. | 

27. Thus for Example, by the firſt Stroke (in Art. 
23.) the Water roſe 2,834, which ſubſtracted from 
16, leaves 13,166 for the Space into which 12 Feet 
of Air was dilated. Now its Spring being weaker than 
that of the external Air, upon the Deſcent of the Pi- 


ſton, it will be compreſs'd into the former Space of 12 


Feet before it can recover its former Spring, the Piſton 


will then have deſcended through 1,166 ; . and ſince 


the Stroke is 4 Feet, and the Air will now be no far- 


ther compreſs'd, therefore 4—1,166=2,834 will be 
the Quantity of Air which will make its Eſcape thro' 
the Valve of the Piſton; which in this Caſe is equal to 


the Column of Water raiſed. - - 
28. The Piſton being now again at E, upon its A- 

ſcent, it will permit the Column of Air EC , 166 to 

expand itſelf into a Space=16—5,cg98=10,902 ; and 


upon deſcending it will compreſs the Air again into 


9,166 Feet, before it can eſcape. To do this the Piſton 
muſt deſcend through the Space=1,736; and therefore 
4—1,730=2,204 is the Quantity of Air that will be 
exhauſted the 2d Stroke ; and the Column of remaining 


Air EC will now be 9, 166—2, 264 =6,902 Feet. And 


in this Manner are the Numbers found for every follow 
ing Stroke, , | : 


H) 
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H) which riſes through the Glaſs Tube 
E immerſed in the Water of a Veſſel by 


29. Hence *tis eaſy to obſerve, that whenever the 
Space thro' which the Piſton muſt paſs in its Neſcent 


to reduce the internal Air, by. Compreſſion, to a Den- 


ſity or Spring equal to the external Air; I fay, when 
this Space happens to be greater than the Length of the 


Stroke, there can no Water riſe in the Pump; becauſe 


in that Caſe, the Air will be no farther able to make 
its Eſcape thro' the Valve of the Sucker, by reaſon of 
the greater Preſſure of the external Air upon it. 

30. When this is the Caſe of a Pump, let x be the 
greateſt Height to which the Water can be raiſed in it; 
when the higheſt Elevation of the Piſton is a, the low- 
eſt b, the Preſſure of the Atmoſphere Y, and a—b=þ 
the Stroke of the Piſton, as before. Then when the 
Piſton is down, the Space in which the Air is contain'd 
is 6—x ; and when up, it is expanded into a—x; its 


Preſſure is then the Pare of what it wu ben 


that is of the Atmoſphere ; the Weight of the Water 


being the other Part, viz. 5 3 and both together being 


equal to the Atmoſphere, we have 2 5 — 1 


a—x 
therefore h h—h x+a x—x*=a h—hx; or, a x—x*= 
ah—b Hp h. And changing the Signs, x*—a x = 
— ph; and compleating the Square, x* — ax + 
aa = 1aa — ph; wherefore x—1a=v/:aa—ph; 


| therefore x Va a- pT 4. 


31. Hence if the Stroke of the Piſton and its Height 
above the Water be given, we know the greateſt 


Height to which the Water can riſe, and conſequently, 


if ſuch a Pump can be effectual. For Example, let 
a=28, b=25 ; then p=3, and put h=32 ; then x= 
=10+14 ; that is, the greateſt Height to which the 
Water can riſe=14—10=4 Feet ; for the other Root, 


 14+10224, is impoſſible, becauſe all Heights between 


4 and 24 will be too great. 


E 3 e the 
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the Theory of Pumps. 


ropa 
the Preſſure of the Atmoſphere on the 
Surface thereof. The Water of the Bar. 


| 33: Again, ſuppoſe @ = 24, 5 = 20; then, p=4, 
and b=32; x = == 4+12, that is, x = 12 —4=8 


| Feet, the greateſt Height. If a=20, 5=16, p=4;z |} 


then we ſhall have x = = Vieea—ph+iaz 
+ to0—128 4 10 = V—28+10. Now the ſquare 
Root of a negative Quantity being impoſſible, ſhews the } 
Caſe ia Queſtion has no Place in Nature, or that here 
is no Space between x, and the loweſt Situation of the 
Piſton. Nor can there ever be any when ph is greater 
than Zaa, the Water riſing to the Piſton 'in all thoſe 
Caſes. When fau=ph, then Viaz—ph=o ; and j 
x=10 + and in this Caſe, = ry. Thus if 1 
a=15, . the greateſt Height the Water q 


will riſe to, and 72 24=, Feet, the Length : 
©» | 


of the Stroke. 


Nete, If we make the Fluxion of the Equation } 
** -a b, equal to o, (viz. 2xx—ax=0) it gives 
2x=a,. or x a, when a Maximum, as before. 1 

33. From this Theorem we learn this general Rule 
concerning Pumps, That no Pump can 9 5 Maler, but 


ohen the Length of the Strcke of the Piſlon exceeds the 4 


Square of the higheſt Elevation of the Piſton divided by } 
128, Thus if that Elevation be 16 Feet, the Square of 
that is 256, which divided by 128, quotes 2; therefore 
the leaft Stroke of the Piſton muſt be greater than 2 } 
Feet. If the Elevation be 20 Feet, then 20X 20 24 
ad 233, which ſhews the Elevation of the Pi- 


ſton muſt be in that Caſe greater than 3,13 Feet, If 


the Elevation be 12 Feet, then 12X1 2=144, and — 


2, 12, which is leſs then the leaſt Length of the 


Stroke of the Piſton. And theſe Things, I think, finiſh 
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rel T V, by the Depreſſion of the Piſton R 
is forced through the ſuperior Canal ON, 


34. I ſhall now proceed to the Deſcription of two or 
three moſt uſeful Pumps, but firſt give an Account of 
that Sort of Valves which I find are exceeding 500d, 
and ought to be uſed in Pumps and all Kinds of Water 
Engines where Valves are neceſſary, Let A BC be pl. xIx. 
the Bucket of a Piſton, or any other Part where a pi, * 
Valve is required; in the Middle there is a circular but * 'S' 7* 
tapering Hole from Top to Bottom, in which is fitted 
the tapering or conical Piece EF GH, with a Piece IK 
to be ſcrew'd in and out of the Bottom Part HI. It is 
to be ſcrew'd out, when the ſaid Solid E G is put into 
its Place or Hole in A C; and afterwards ſcrew'd in, 
when the Whole together appears as in the Figure 
LMNO. The Piece E G now becomes a Valve, or 
capable of permitting the Water to aſcend, and to 
prevent its Deſcent. 5 - 

35. That the Water puſhing againſt the Bottom of 
the Valve will raiſe it upwards, is evident from the co- 

nical Form thereof, and its lying in the Hole only by 
its own Weight; the Length of the Key at K bein 
ſufficient to permit ſuch a Riſe of the Valve, as will 
admit a Space between it and the Hole for the Water 
to paſs as freely as required: And, that the Valve ma 
not be thrown quite out of the Hole, the croſs Piece I 
is added, of a greater Length than the Diameter of the 
' loweſt Part of the Valve. 2. E 
36. If the Valve E G and its Socket AC be of Braſs, 
and fitted, by grinding them with Emery firſt, and 
| Putty afterwards, with a Drill-Bow into each other, 
5 toy will not only be Water-tight, but eyen Air - tight; 
and that too if but ſlightly touch'd with fine Emery or 
| Putty; for if they are ground to a Poliſh, the, Attrac- 
tion of Coheſion will take place, and prevent the Valve 
from riſing ſo freely as it ought to do ; yea, ſometimes 
. thoſe Surfaces have been found to cohere fo ſtrongly, 
that the Force of the riſing Water could not overcome 
it: But all this will be prevented, and every thing ſuc- 


56 


PL XIX. 
Fig. 8. 


HrDiaviecyn 
to enter by the Valve I into the Air-Veſlel 
a bed; and the like being done alternately 


ceed to one's Wiſh, if they are made as above directed, 
as I have learnt by long Experience and trying every 
8 | | | 

The Common SuckinG Puusr (as it is call'd) 
is ſo far deſcribed in the Theory, that ſcarce any Thing 
more can be ſaid to explain it. However, I have 


given the Figure of ſuch a Pump, in which A is the 
Ciſtern, A B the Barrel or Pipe ſtanding in the Water 


E F, the Piſton GD with its Bucket and Valve D, 
and the Valve C open for the Aſcent of the Water 
through it. | 


8 A Forcing Puuę of the common Sort is thus 


conſtructed: AB is the Barrel ſtanding in the Water 


Fig. 9. 


Fig. 10. 


of the Well or Mine at B; GC is the Piſton ; and C 


a ſolid Piece without any Hole or Valve, becauſe no 


Water is to paſs through it, as in the other. This 
Piece ſhould be well leather'd, to fit the Barrel very 


nicely, that in its Motion neither Air nor Water ſhould 


pals between. At a Diſtance below, a Valve with its 
Diaphragm is fixed in the Barrel, as at D. Between 
this and the loweſt Situation of the Piſton C there goes 
off a Pipe at H, in which there is fixed a Diaphragm 


and Valve, as at E. Now the Piſton being drawn up 


from C towards A, attenuates the Air above D, by 
which means the Water ruſhes into the Space CD; 
then when the Piſton is forced down, as the Water 


cannot repaſs at D, it is forced to aſcend into the Pipe 


at H, and through its Valve E into the Ciſtern F, 


(which may be ſituated at any Diſtance above the 


Pump) from whence the Water will run off by the 
Spout. 5 | . 

33. ALirrING Puur is a Forcing Pump of ano- 
ther Form or Structure. 


Frame IK LM, which alſo is fixed immoveable, with 
the lower Part in the Water to be exhauſted. GEQ 
H O is a Frame with two ſtrong Iron Rods, moveable 
through Holes in the upper and lower Parts of the 


by 


AB is a Barrel fixed in a 
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Jvy the other Barrel WX, and its Piſton 8, 
the Air-Veſſel is by this means continually 


pump I K and LM; in the Bottom of this Frame Q H 
is fixed an inverted Piſton B D, with its Bucket and 
Valve upon the Top at D. Upon the Top of the 
Barrel there goes off a Part E R, either fixed to the 
Barrel, or moveable by a Ball and Socket, (as here re- 
preſented at F) but in either Caſe ſo very nice and tight, 
that no Water or Air can poſſibly get into the Barrel, 
which would ſpoil the Effect of the Pump. In this 
Part, at C, is fixed a Valve opening upwards. Now 
when the Piſton- Frame is thruſt down into the Water, 
the Piſton D deſcends, and the Water below will ruſh 
up through the Valve D, and get above the Piſton 
where, upon the Frame's being lifted up, the Piſton 
will force the Water through the Valve C up into the 
Ciſtern P, there to run off by the Syout. Vote, this 
Sort of Pump is ſet ſo far in the Water, that the Piſton 
may play below the Surface of it. 50 
40. The MERCURIAL Puur, or that which works 
by Quickſilver, is the next which I ſhall deſcribe. It 
was the Invention of Mr. 7aſhua Hofhins, and brought to 
its preſent Perfection by Dr. Deſaguliers, together with 
his Workman Vir. William Frecm. As this is one of 
the moſt curious of modern Inventions, I ſhall be a little 
the more prolix in its Deſcription; which I ſhall give 
from a Model that I have made to explain the Nature and 
Manner of working in this Pump to thoſe who attend 
my Lectures in Philoſophy. This Model works very 
well, and is here repreſented in its real Magnitude in 
the Figure. ae: aq 
41. AB is a Ciſtern placed on the Top of a Braſs pl. XX 
Tube PO Q, open at each End PR and OQ. To- 1 
wards the upper Part of the Tube at F is inſerted (or * 
ſolder'd)' a curved Pipe FG, opening into the Tube at 
F; and in the End G is cemented a Glaſs Tube G H, 
fixed below in an hollow Box L K, full of Holes for 
the Admiſſion of Water, into which it is immerſed. 
MNST is an exterior Tube, open at the Top MT, 


filling 


_ 
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filling with Water, which greatly com- 


preſſes the Air above the Surface of the 


inne de Bottom NS; in Wenn Rasen is 


firmly fixed another hollow Tube VX Y W, cloſe on 
the Top X Y. This inner Tube may be a ſolid Piece 
of Wood, as in my Model it is. This inner Tube 


or Cylinder of Wood goes up into the Tube QO P R, 


at the ſame Time that this is inveſted by the exterior 
Tube MNS T, as is feen in the Figure, In the lower 
Part of the Pipe at H is a Diaphragm, and a Valve I, 
opening upwards for the Aſcent of Water when a Fa- 
cuum is made. At CD in the main Tube, above the 
Inſertions of the Pipe, is another Diaphragm and Valve 
E, opening upwards alſo to give Paſlage for the Water 
in the forcing Part of the Stroke. 


42. The conſtituent Parts of the Pump being thus 


deſcribed, we are next to view the peculiar Manner of 
working by Quictſilver, which for that Purpoſe is pour'd 
into the exterior Tube M S, which, when applied to 


the Pump in its Place, will be made to riſe in two cy- 


lindric Shells; one about the Tube of the Pump out- 
wardly ; the other within, about the innermoſt Tube 


or Plug X Q, as repreſented in the Figure at a, b, and 


e, d. At the Bottom there is but one cylindric Shell, 
becauſe the middle Tube does not reach the Bottom, 
leaving the Space V O WQ. it 

43. From this Account *tis eaſy to obſerve, that the 
Part COQD anſwers to the Barre] of the Common 


Pump, F GH to the Pipe, the inner Tube X Q' to the 


Piſton, and the Quickfilver at Bottom to the Leathers 
of the common Piſton ; for it prevents all Communi- 
cation of the external Air and internal Part of the Bar- 


rel, where the Vacuum is to be made. Whence tis 


evident, that upon letting down the outer Tube M S, 
it catries down the inner Tube X Q at the ſame Time, 
and makes a larger Space in the Barrel and Pipe, in 
which the Air will be expanded or become rarer, and 
its Spring thereby weakened. In conſequence of 
this, the Water will riſe through the Valve at I into 


Water 
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Water in the Veſſel, and thereby propor- 


tionably augments its Spring ; which at 


the Pipe, and alſo the Mercury will riſe in the inner 
Shell by the Preſſure of the Air on the outer Shell, till 
the Equilibrium be reſtored : And the Height of the 
Water raiſed will be nearly 14 Times as great as that 
of the Mercury. | 


44. When the Tube SM is raiſed again, the Air 


will be compreſs'd within the Barrel ; and, its Spring 
increaſing, it will act upon the Water, the Mercury of 
the inner Shell, and the Valve E; the Water above 
the Valve I it cannot move, becauſe of the Valve being 


ſhut below; its whole Force is therefore ſpent on the 


Mercury, and Valve E; it will act on the inner Shell 
of Mercury, and drive it down to the Level of that 
in the outer Shell, as at ab, cd; and then the Preſſure 
will be every where equal, viz. on the inner and outer 
Shell, and on the Valve E; as the Tube after this 
continues, moving up, the Air will be farther. com- 
preſs'd, and its Springs made greater than that of the 
outward Air, which therefore it will overcome, and 
fo thruſt up the Valve E, till fo much has eſcaped as 
leaves the Remainder of an equal Tenour, or a 
Eguilibrio with the Atmoſphere. The two Shells of 
Mercury will be upon a Level all the while the Air is 


going through the Valve, becauſe the Preſſure is not 


greater within than without. 


45. By repeating the Operation a ſecond Time, the 


Air will be farther rarified, and the Water will again 
riſe in the Pipe; and thus on till the Pipe and Barrel 
be full as in the common Pump; and hence tis evident 
all thoſe Theorems raiſed in the preceding Articles, 
are equally applicable here as there. This Pump made 
at large for Uſe, ſhould have the following Dimen- 
ſions: The Length of the outer Tube MN = 30 
Inches; of the inner Tube X O = 31 Inches; the 


Diameter of the inner Tube X Y or QO = 6 Inches 


the Thickneſs of the outer Tube = e of im Inch, 
length 
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433; of an Inch, and the Bottom of the Tube Z O to 


turned in a Lathe. A tranſverſe Section of a Part of 


preſs only according to the Altitude, and not the Quan- 


HvEEAUEIDCS. 
length 1s ſo far increaſed, as to re-act with jac 
great Force on the Surface V Z of the ſub- ¶ the 


of the middle one +3; of an Inch, and of the inner one, 


come within an Inch of the Bottom NS of the outer 
Tube. : | 

46. Theſe Dimenſions afford ſufficient Strength if 
the Tubes or Barrels are made of Copper, or caſt 
Iron, and of ſuch a Diameter, that the Diſtance be- 
tween each may be z the Tenth of an Inch; and this 
ſhould be nicely effected by having the Tubes truly 


the Circumference of thoſe Tubes, their Thickneſſes, 
and Spaces between, you ſee repreſented in the Fig. 2. 


where AB is the outer, C D the middle, and EF the 5 
inner Tube. The Spaces between are ſo narrow, be- a 
Cauſe otherwiſe too great a Quantity of Quickſilver 8 


would be neceſſary, and yet of no Uſe; becauſe Fluids % 


47. If now every Part be fitted for Work, and Mer-, 
cury poured into the Height of 24 Inches, as ſhewn ) 
by aNS4; and the Barrel and Pipe fill'd with Water, 


upon the Deſcent of the inner Tube X Q, and which 
cannot be ſuffered, becauſe of the Preſſure of the Air 
on the Water at H, and on the Mercury in the outer 
Shell at a, d. And becauſe thefe Preſſures of the Air 


ſo that the whole Pump be full, and in Equilibrio with fi © 
the Atmoſphere; if the outer Tube MS be moved ; 
down through the Space of 14 Inches, at the Com- 
mencement of the Motion, the Equilibrium in the Pump 1 
is deſtroyed by the greater Space which would enſue : 

| 

{ 


. outwardly at H and à are equal, but there is not an 


equal Preſſure inwardly on the Valve I, and the inner 
Shell of Mercury 6, c; the Valve being preſs'd with all 
the Water in the Pipe above it, and which is propor- 
tional to the Altitude C g; and the Surface of the Mer- 
cury of the inner Shell at 6, c, being preſs'd only with 
the Altitude of Water C5, 'tis plain the Water will 


jacent 
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jacent Water ; which aſcending through 


the ſmall Tube ef to the Stop-Cock e g, is 


not ruſh in at I till the Preſſure on b, c, becomes equal 
to it, and that wil] be when the Height of the inner 


Shell at ö is greater than that of the outer Shell at a, 


by near Part of the Difference of the Altitudes bg 3 
and then the Preſſure being equal at b and I, upon the 
Motion of the Tube X Q downwards, the Water will 
be forced up through the Valve at I, and the Height of 
the Mercury in the inner Shell will always exceed that 
in the outer Shell, in ſuch Manner, that the Exceſs 
will be about rr of bg, or the Height of the Point 6 
above the Water ar H. | | 

48. When the outer Tube is in its loweſt Situation, 
the Mercury in the inner Shell will be nearly at the 
Top X Y of the inner one, and in the outer Shell it 


will have but a ſmall Height as aO, or Qd. And 


when the Tube Ms is drawn up again, the inner Tube 
XW will force the Water in the Pump to act upon 
the upper Part of the Valve I, the under Part of the 
Valve E, and the Surface of the Mercury at ô in the 
inner Shell. The Valve I it ſhuts cloſe, the Valve E 
it endeavours to puſh up but cannot, till it has firſt re- 
duced the Mercury in each Shell to a Level, when they, 
ballancing each other, produce an Equilibrium with the 
external Air acting equally on the Surface of the Mer- 
cury in the outer Snell at a, and on the Valve E. Af 

ter this, as the Tube M S continues its Motion up- 
wards, the Mercury will riſe in the outer Shell, the 
Preſſure now on the inmoſt being greateſt. And for 
every 14 Feet the Water is forced above the Surface of 
the inner Shell b, the Mercury will rife in the outer one, 
one Foot. 


49. Becauſe the Structure of this Pump makes the 


Theory of its Operation not quite ſo eaſy and obvious 
to thoſe who have not conſider'd it very thoroughly, 
(as I, have found by frequent Experience in my Lec- 
tures) I have contrived to repreſent it more plainly, by 
a Kind of Syphon or Pump of a very ſimple Form, and 


there, 


62 


Pl. XX. 
Fir. 3» 


rp nne. 


there, upon turning the Cock, ſuffered to 
paſs through a Pipe E, fixed to a Ball and 


yet acting on the very fame Principles as this complex 
Pump under Confideration, Fhe Syphon is HGF Z 
NS M, where HG F is the Water-Pipe as in the 
Pump; Z N reprefents the inner cylindric Tube, and 
MS the outer one; OF ZQ is the Barrel in which 
the Piſton VX moves (which is a Forcer, or without 
a Valve,) and CR a CouduCt-Pipe to carry away the 
Water forced through the Valve E. In all this it is 
eaſy to ſee the Analogy between this Syphon and the 
mercurial Pump. Its Operation likewiſe is the ſame. 
50. For let Mercury be poured into the Legs MS 


and 4 to- and ZN, it will come to a Level at a, b. Now ſup- 


gether. 


poſe the other Part of the Syphon full of Water, and 
the Piſton raiſed, tis plain the Water at H cannot open 
the Valve I, till a Column of Mercury be raiſed in the 
Leg Z N above the Surface of that in the outer Leg 
MS, ſufficient to balance the Weight of the Water in 


the Pipe H F, then will the Preſſure of the Air be 


— 


equal upon the Water H, and the Mercury in the Leg 
Ms; and as the Motion of the Piſton is continued, 
the Water and Mercury will continue to riſe with equal 
MAomenta, and therefore the Mercury will riſe 1 Inch 
for every 14 Inches nearly, till the Piſton ſtops. 

51. When this happens, the Surface of the Mer- 
eury in the Leg E N will be at e, and that in the 
Ms at d; and now, if the Piſton be puſhed down 
again, it Will cauſe the Water to ſhut the Valve I, 
and to act on the Mercury at c, and on the Valve at E, 
but the Preflure of the Air at E will not ſuffer the 
Valve to riſe till the Preflure there be greater within 
than without, which it cannot be till the Surface of 
Mercury in the outer Leg MS be higher than that in 
the inner one; wherefore, before the . E can open 


the Mercury in each Leg muſt come again to the Lev 

&, &; after which, the Mercury will riſe in the outer 

Leg M, fo as to be always i Eguilibrio with the Wa- 
ter in the Conduct- Tube RC, and the Part Ce of 


Socket, 
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Socket, from the Orifice of which it iſſues 
ad with a great Velocity, to a very great 


the inner Leg; ſuppoſing the Mercury now ſtands at : 
ler in that, and at Fin the other: And then the ſaid Height 
2 orf the Water will be nearly 14 times the Height df, 
or ce. I think all this is very eaſy to underſtand from 
nd the common Principles of Hydroſtatics, and if this be p 
ich underſtood, the Nature of the Pump muſt, as being 
ut the very ſame Machine with a different Diſpoſition gf 
its Parts. | ” 
52. From this Theory of the mercurial Pump, tis 
he eaſy to infer, that in conſtructing one, the Part Z FON 
. ought to be placed in the Middle of the Height from 
[Sil the Water H to be raiſed, to the Ciſtern A B which 
P- receives and delivers it; or more nicely, the level Sur- 
nd face 4b c d of the Mercury when the Pump is full, and 
en juſt going to work, ought to be in the middle Point of 
he the Line Pg; the reaſon is, becauſe in the Deſcent and 
Aſcent of the Tube M S, the Differences between the , 
Altitude of the outer and inner Shells a d and & are 
equal, and in each Caſe a 14th Part of the Height of 
the Water below or above it. 

53- Suppoſe the whole Height from the Water ta 
the Piſton be Pg = 60 Feet; then 4 P = ag=30 
Feet, or 360 Inches ; then alſo 14)360{26 nearly, that 
is, the Difference of the Altitudes in the mercurial 
Shells will be about 26 Inches. The Place there- 
fore where they ought to be on a Level is at leaſt 13 
Inches below M, or the Quickſilver muſt never be poured 
in to a Height N @ greater than about 15 or 16 Inches, 
or 17 at moſt. If the Height Pg be greater than 60 
Feet, the Tubes MS, &c. muſt be proportionably 
enlarged, „„ 

54. To compute the Quantity of Quickſilver in the pl. Xx, 
Shells; let AB D be the Area of the Top of the Fig. 5. 
inner Tube X V, and E H F G the Area of the Surfage 
of the inmoſt Mercury Shell ſurrounding it; then be- 

cauſe AB 6 Inches, we have AB* XK 0,7854 = 8 
X o, 7854 28, 274 the Arca of the Circle A DBG. 


Height 


. 7 A NL. S SSA rA 7 SLT TSR 


T, 


the Stroke or Deſcent of the Tube M 8 be 15 Inches, 


but 36 of the Whole, which is far leſs than in anyY 
: other Pump of this Kind. 


28,274 
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Height or Diſtance, in a ſmall continued 
"i directed * va; Or to any par- | 


Again, ſince the Diameter E F is 6.1, the Area of the 
Circle EHF G will be EF“ x o, 7854 = 2, 224; but 
20,224 — 28,274 = 0,95 of an Inch, the Area of 
the annular Surface of Mercury ; wherefore 26 X 95 = 
24,7 the cubic Inches of Mercury contained in 26 
Inches Altitude of the inner Shell; which as it is leſs 
than the Area of the Plug 28,274 ; ſhews that before 
the outer Tube MS can deſcend one Inch, the Water 


will begin to riſe to H, near 30 Feet below. 


55. Alfo becauſe the Circumferences of Circles are 
as their Diameters, and the Diameters of theſe Shells 
are as 6,1 to 6,36 ( Art. 4.5.) therefore 6,1 : 6,36 :: 


@,95 : 0,99 or 1 Inch; that is, every Inch of Altitude | 
in the exterior Shell is 1 cubic Inch, and therefore when 


the Tube MS (in the forcing Stroke) has deſcended ! 
near I Inch,' the Water will force up the Valve E, the | | 
Mercury then being about 26 Inches high in the outer 
Shell. | 
56. If the Water be but 3o Feet below the Ciſtern, 
the Heights of the mercurial Shells will then be but 
half as great as before, viz. 13 Inches one above the 
other; and then 12,35 cubic Inches of the inner Shell 
will equal 13 Altitude, which therefore will riſe with a leſs } 
Deſcent than ; an Inch of the Tube MS, in the inner | 
Shell, and of Aſcent in the outer Shell. Therefore if | 


there will e leſs than a 3oth Part of the Stroke loſt, 
or a 3oth Part of the Labour beſtow'd in Pumping. 
And if the Mercury Shells were but half as thick as | 
here ſuppoſed, the Part of the Labour loſt would be 


7. Since the Area of the Piſton XW is 28,274 | 
Inches, therefore every Inch of its Motion raiſes the 


_ 274 | 
2 — Parts of a Gallon, or the - 756 Parts of an | 


Hogſhead ; that is, 281274)17766(= 628,4 Inches of 
| Motion 4 
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Motion for an Hogſhead. Hence 52 75 Strokes, each 
12 Inches, will raiſe one Hogſhead. And this, if the 
Weight be not greater than 10 Feet to which the Was 


ter is raiſed, may be done by an able Man in one Mi. 


nute, working ſo as to be able to hold it all Day.; as 


has been found by Experience. And therefore this is 
to be looked upon as the greateſt Effect, which Per- 
Tons can expect from any Hydraulic Engine, to raiſe 
Water of any Kind whatſoever, unleſs he can invent 
ſomething more compleat and perfect in this Kind, than 
the Pump we have now been deſcribing. . 
38. Another excellent Pump, of the lifting Sort, is 
the Invention of Meſſrs. Go/ſet and de la Denille, and ſet 
up in the King of France's Garden at Paris. This 
Pump has this Peculiarity, that its Piſton works without 
Friction. The Form and Structure thereof is as fol- 
lows: ABCDEFGHIKL is a Soit of Box in- 
cloſing the Piſton. This Box conſiſts of two Parts, 
the upper AB CIK L, and the under one DEFGH, 
which ſhut upon each other. The Piſton within is a 5, 
and is a circular Piece of Wood, about the Circumfe- 
| rence of which is nail'd a Piece of well ſeaſoned Lea- 
ther, of a circular Form, and ſo wide, that when the 
Piſton is placed at the Bottom of the Box, the Leather 
may lie over the Sides thereof at DH all around; the 


Piſton and Leather thus placed on the upper Part, is 


forced down upon the Leather, and then both Parts 


ſcrew'd very faſt together. The Manner of which is 


very eaſy to apprehend from the Figure, where :g fab k 
is the Leather going from the Piſton through the Jain- 
ture of the Box. 5 | 

59. Upon the upper Part of the Piſton is fixed a cir- 


cular (or any figured) Piece of Iron or Wood; derioted 


by 4 e f, in the Top of which, at e, is fixed the Rod 
of the Piſton QC, by which the Piſton Is drawn up 
towards the upper Part of the Cavity In, and from 
thence forced down again in working the Pump. Now 
as the Diameter of the Piſton is iel than that of the 
Cavity, it is plain that in its Motion up and down, no 
Friction can happen, as there are no Parts for it to rub 


againſt, which is occaſioned by the Conttivance of ſuſ- 


pending it on the Leather. 
Ys eb 


F- a 1 60. In 


66 


Fi 
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60. In the bottom Part is fixed a Pipe F O to bring 
up the Water from the Mine or Well at O, which it 
delivers into the Box by a Valve at c. In the Middle 
of the Piſton is likewiſe another Valve zn opening up- 
wards. AT.MN is a Tube or cylindric Pipe, in which 


the Water is raiſed to a Ciſtern to run off: *Tis eaſy to 


g. 2. 


obferve, that as the Piſton is drawn up, the Water will 
run in beneath, through the Valve c, to prevetit a Va- 
cuum; and alſo, that when the Piſton is forced down, 
the Water in the lower Parts muſt be forced up throup 
its Valve, and when the Piſton is raifed again, the 
Water above it will be forced up the Pipe AM to 
the Ciſtern. 

561. Another Thing peculiar to this Pump is, the 
Shortneſs of the Stroke of the Piſton, which is com- 
penſated by the largeneſs of its Area, and the greater 
Number of Strokes that may be made in the ſane 
Time. The only Objection to this Pump is, that it'is 
always charged with the Weight of fo etch Water, as 
3s equal to a Column of Water, whoſe Baſe is equi! 
to the Area of the Piſton, and the Height equal to that 
of the Reſervoir above it, as is evident from what we 
have ſaid in explainin the Hydroſtatic Paradox. 80 


* 0 


that the Tube ALMN has no Advantage in being 
ſmall, unleſs any particular Circumſtatice or Cohyeni- 


62. Arcnimenpss's ScxEw deſerves a Conſideration, 


I. not only for its Antiquity, but its Uſefulneſs in raifing 


Water. It conſiſts of a long Cylinder, with an hollow 
Pipe, Tube or Groove coil'd about it, as repreſented 


in the Figure; where the Cylinder is A B, and the 


Tube CD open at each End. It is placed in an obſique 


Poſition to the Horizon with the lower End in the Wi: 


ter to be pumps away, the other End being ſupported 
.on the lower 


ol er Part of the Winch IK, by Which the 
Screw and Cylinder is turned round. 5 

63. As ſoon as the Screw is immerſed in the Water, 
it immediately riſes therein by the Orifice C, to the 
Level of the Surface of the Water E F, and if the 
Point of the Helix or Spiral, which in the Beginning of 
the Motion is coincident with the Surface of the Water, 
happens not to be on the lower Side of the W 


*. 


; 3 \ 3 4 " 5 5 5 
a 1 ac ö ah OE on cats ome 


Water by a Piſton playing at a greater 
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the Water will upon the Motion of the Screw move on 
in the Helix, till it comes to the Point which is on the 
under Side, and coincident with the watery Surface; 
when it is arrived to that Point, which ſuppoſe at O, it 


cannot afterwards poſſeſs any other Part of the Spiral, 


than that which is upon the loweſt Part of the Cylin- 
der, for it cannot move from O towards H or G, 
becauſe they are ſituated higher above the Horizon; 
and ſince this will ever be the Caſe, after the Surface 
of the Water in the Helix has attained the Point O, 


F# 


it is plain it muſt always be on the under Side of the 


Cylinder. 


64. But 5 Cylinder is in Motion, every Part 


of the ſpiral Screw from O to D, will by Degrees ſuc- 
ceed to the ſaid under Fart of the Cylinder; the Water 
therefore in the Helix muſt ſucceed to every Part there- 


of, from O to D, as it comes on the lower Side; that 
is, it muſt aſcend on the lower Part of the Cylinder 
thro? all the Length of the Pipe, till it comes to the Ori- 


fice D, where it will run out, as having nothing far- 


ther to ſupport it. Hence it appears, how much thoſe 
Gentlemen are miſtaken, who (affecting the Wonder- 


ful) ſay, that the Water aſcends by deſcendirg ; whereas, 
jf they would have made the moſt of the Wonder, they 
might have ſaid truly, that the Water aſcends, becauſe it 


cannot aſcend, 1. e. that it aſcends one way, becauſe it 


cannot aſcend another 3 but then the Wonder is loſt. 


65. I obſerve farther, with reſpect to Pump-Work, 


chat no ſingle Pump, though perfectly tight, will raiſe 


iſtance than 
32 or 33 Feet; and even then the Stroke of the Piſton 


_—_— 


muſt be more than 8 Feet (for ſince —— =H =$ Feet, 


than a = 32 —þ. See Art. zo, 31, 33.) I ſay, no 


Pump will raiſe Water to a greater Height than 32 Feet 


by a ſingle Piſton only; nor can this be remedied by 


ſeveral Valves in the Pipe below the Piſton, as ſome 


Gentlemen have pretended. 


= 


66. For let A B be the Barrel of a Pump, G F the 
Piſton, B E a Pipe going from the Barrel to the Water 
at E, 60 Feet below it; and let B, C, D, E, be 4 


Valves placed in the Pipe at 20 Feet Diſtance from each 


1 other. 


Pl. XXI. 
Fig. 3. 


part C D below it, as being preſs'd with the Weight of 
therefore no Part of the watry Column B F can move 
of itſelf, or by itſelf. Now no- Power can be applied 


any where but at E to move the whole Column; nor 
can the whole be moved without raiſing all the Valves 


high: But the Air can ſuſtain a Column only of 33 N 


nor any of the reſt; therefore the Water cannot riſe in ö 


ſupplies the Water to the Ciſtern EF; the other Part 


Fig. 5. 


Height E F, the Space above being poſſeſs'd of Air. 


The Body of this Inſtrument being nicely cloſed every 
© Where, fo that no Air can eſcape,” and placed with the 
lower End in the Water W, and thus continued in the 


other. Now when the Piſton is drawn up from B to F., 
a Vacuum will be made between, but the Valve B will 


is the Rod of the Piſton, which at B is divided into 
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not riſe by the Water below it; for the Water in the 
Part B C cannot riſe itſelf, much leſs can that in the 


the Column above, and its own Weight downwards, 


at once; therefore the Power able to raiſe the Valve at 
E, and conſequently the Valve at B, muſt be able to } 
overcome the Preſſure of a Column of Water 60 Feet 


Feet high ; therefore the Air cannot raiſe the Valve 


the Barrel A B of a fingle Pump. | i 
67. However, we may raiſe Water by a compound 
Pump, ſuch as is repreſented in the Figure, where A 


two, one of which goes to the Barrel DE, and draws | 
up the Water from the Ciſtern E F; the other Part 
B C goes down to the ſaid Ciſtern, where it is divided 
at C into two other Parts; one going to the Pump FG, 


CH goes to another Pump I K below, and draws up 
the Water from K to the Ciſtern HI. Now theſe | 
Pumps all working at once, will draw Water from 
any Depth, provided each Pump does not exceed 32 
Feet in Height. Ob © = 

68. I ſhall conclude this Subject with an Account of 
one other Method of raiſing Water, by the natura! 
Agency of Heat and Cold only. It is as follows, AB 
CD is a pretty large Veſſel filled with Water to the 


On the upper Part of the Veſſel is a tall Tube inſerted 
G H, and deſcends below the Surface of Water to K. 
On the nether Part is another Tube or Pipe IW. Ia 
each Tube is a Valve opening upwards, as at I and G. 
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ticular Place, by means of the Ball ans 


Socket 9 o 


bot Sun of a Sorhiner's Day, the Air will be rarified 


by the Heat of the Sun in the upper Part, and will 


compreſs the ſubjacent Water, and force it up through 
the Valve G into the Tube G H, and by the Cold of 
the followin Night it will be condenſed again, and 
then the Prefſare of the Atmoſphere will force the Wa- 
ter at W up the Pipe WI, to repleniſh the Veſſel] each 


Day. And in this Manner may Water be raiſed in a 


conſiderable Quantity in the Summer Time, or in very 
hot Climes. 


69. By ſuch a Contrivance as this, ſeveral curious 


Effects may be produced. Thus if a cylindric Cover 


be annexed to the top Part of ſuch a Veſſel (diveſted 


of its Tubes,) it may be raiſed to colle& the Sun- Beams 
at Noon on the Top of the Veſſel, which will fo 
greatly rarify the Air within, as to make it produce a 
conſiderable Stream of Water through a ſmall Adjutage 
in the Side thereof; which Stream may fall on a Wheel 
to play an Organ at Dinner, &c. Thus alſo, an 
Image may be made to weep in the Sun-Beams, or at 


the Approach of Fire ; _ other Devices of the like 
Kind. 


(LXXIX.) The SY Artifice of this Engine is pp XXI. 


its Contrivance to produce a continual Stream, which 
is done by Compreſſion, and Elaſticity of Air in the 
Barrel, called che Air Veſſel abc d. For the Air, be- 
ing an elaſtic Flujd, will be capable of Compreſſion in 
any Degrees by the Water forced in through the Valves 
at I, K; and ſince the Force of the Air's Spring will 
always be inverſely as the Space which it poſſeſſes, 
(as will be ſhewn) it follows, that when the Air Veſ- 
fel is half full with Water, the Air will be compreſſed 


Fig. 1 


into half the Space it poſſeſs'd at firſt, and therefore its 


Spring will be twice as great as at firſt. 


2. But this Spring at firſt was equal to the Preſſure 


of the Atmoſphere ; for if it was not, it could not 


have ſuſtain'd or reſiſted the Preſſure of the Atmoſphere 


#3 THERE | 
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raiſing Water, which works by Fire, in 


| 


%Vͤ 
Turxkr is another Sort of Engine for 
which ſtood over it, and conſequently could not have 


fill'd the Veſſel before'tte Water was driven in; which 
yet we find it did, and mantain'd an Equilibrium with 


the common Air. The Veſſel then being half fill'd 


with Water, or the Air compreſſed into half the firſt - 
Space, its Spring will be in this Caſe equal to twice 
the Preſſure of the Atmoſphere; and therefore when 
the Stop-Cock at p is turned, the Air within preſſing 


on the ſubjacent Water with twice the Force it meets 


with from the external Air in the Pipe e, will cauſe 
the Water to ſpout out of the Engine to the Height of 


32 or 33 Feet, if the Friction is not too great. 


3. That it muſt ſpout to that Height 1+ evident from 
hence, that only one half the Force of the internal Air- 


is ſpent in overcoming the Reſiſtance of the exter- 


nal Air; and this being deſtroy'd, the remaining Half 
of the Force will be exerted in projecting the Water, 
which now muſt be conſider'd as fpouting in Vacus (the 
Reſiſtance of the external Air being taken away). But 
in Vacuo Water will rife to the Height of 32 or 33 
Feet (as will be ſhewn hereafter) by the Preſſure of the 
common Air ; therefore fince the remaining half Force 
of the internal Air is equal to the Preſſure of the com- 
mon Air, it muſt cauſe the Spout to rife to the Height 


of 32 or 33 Feet; and becauſe the Water keeps enter- 


ing the Veſſel as faſt as it ſpouts out, it keeps the Air 
under the ſame Degree of Compreſſion, which there- 
fore muſt conſtantly a& with the ſame Tenor on the 


Water, and produce a continual Stream to the ſame 


Height. : | s 8 | 
4. When the Air-Veſſel is 2 full of Water, the Space 
which the Air takes up is 3 Part, whence its Spring will 
be z times as great as that of the common Air, there- 
fore it will now project the Water with twice the 
Force of the Atmoſphere, and therefore to the Height 
ef 64 or 66 Feet, When the Air-Veſſel is } full of 
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the following Manner. Az C is a Copper -N pl. XXII. 
Veſſel, partly fird with Water to P E, _ 


ater, the Air will bh omit in into 4 Part, and fo 
will protrude the Water with a Force equal to 3 At- 
moſpheres, and therefore to the Height of 96 or 99 
Feet. And when the Veſſel is ? ful of Water, the 
Air will take up ? Part, andwill have its Spring 5 times 
as ſtrong as at firſt, and will therefore force the Water 
132 Feet hi igh. | 
Hence 'tis eaſy to obſerve the Law by which the 
Spring of the Air will act on the Surface of the Water 
— it, viz. according to the Numbers in the Table 
ow. 


Height of Of the Air Projertion of Height of 
the 4 7 2 0 1 Air's $ . the Spout. 
* — 33 1 858 
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And Ps She any greater 8 of Compreſſion. - 1 5 f 8 ; 


at. 
* 5 | 
» 


6. As the Veſlel is the Cauſe of oe continua 
Stream, we. 4 naturally infer, that if ſuch an ous 
Veſſel were adapted to the Common Houſe Pump, 
would then begome e bn. or very uſeful for 
ex inguiſbing Fires. 25 may happen nx near the 


Houſe. Now this may be in a anner either 
the ſame with, or ow — that which follows. 


BCD is the Barrel of the Pump, PH the Rod and 


* 


Piſton, CW the Pipe going down to the Water of 
the Well at W. Towards the lower Part of the Bar- 
rel is a ſhort Tube, by which the Air-Veſſel F E is 
fixed to, and communicates with, the Barrel of che 


r 


pl. XXI. 
Fig. 6. 


Hp nA N 


| which being ſet over a Fire, and made to 


boil, will fill the upper Part D BE with-a 


vaſtly elaſtic Vapour, the ſufficient Strength 
| whereof is known by its forcing open a 


Valve at e: This heated elaſtic Steam 


is, by turning a Cock at F, let into the 


Barrel ab cd, where by its elaſtic Force it 
raiſes the Piſton G, which drives the Air 


aboye it through a proper Clack at the 


Top. After this, that the Piſton may by 


Pump. AMT L is.a Coll of 3 ſo fixed on 
the Top of the Barrel, and adapted to the Rod, that it 


may move freely in the Leathers, without permitting the 
Air to paſs in or out between. The Nozzle or Spout 


D has a Stop-Cock S to ſhut off the Water, or let it 
paſs out as required. Qis a iece ſcrew'd on to di- 


rect the Stream by a ſmall pliant Leathern Pipe at the 


5 End, 


7. Now tis plain, when the Pifton is raiſed from the 


Bottom of the Pump Barrel, the Water above it will 


be forced into the Air Veſſel, and there compreſs the 
Air (the Stop-Cock being mut); ; It will alſo compreſs 
the Air on the Top of the Barrel, for the Water will 


not be higher than the Spout D at firſt, when the Stop- 
Cock is ſhut: But afterwards, as the Air is confin'd, 


it will be compreſs'd at Top, and the Water will riſe 


to J. 


8. This compreſs'd Air, in each Place, will a& upon 


the Water by its Spring, and, upon turning the Stop- 
Cock, will force it out in a contiviusl Stream, 8 


a Pipe at Q, and that with a greater or leſſer Deg 


of Force, as Occaſion requires, that being abel 


in the Power of the Perſon working the Pump. This 


Invention we owe to Sir James Creed, one of the ve 


few Votaries which the Philoſophic Muſes find weh 


Perſons of 9 and Fortune. 
its 
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its Weight deſcend, a little cold Water, 
from the Fountain F g h 7, is let in at the 
Bottom by turning a Cock at &, which, in 
Form of a Jet, condenſes the hot Steam 
in the Barrel into 13000 times leſs: Space 
than before it took up, which makes a 
ſufficient Vacuum for the Piſton to deſcend 


in, The Piſton G, and Lever H I, being 


thus put into Motion, do accordingly raiſe 


and depreſs the Piſton K in the Barrel of 


the forcing Pump LM on the other Side; 
which, by the Pipe N, draws the Water 
from the Depth W, and forces it to riſe 
and ſpout through the Tube O, continued 


to any Height at Pleaſure. This Engine 


is uſed to draw the Water from Coal- 
Pits and other Mines. Beſides theſe, there 
are various other Water-Engines of a 
more complex Structure; but as they all 
act on the ſame Principles with theſe two 
deſcribed, tis needleſs to ſay any thing af 
them here. (LXXX, . LXXXII. . 


xxx) 45 The kur Eon is the moſt ad- 
mirable, curious, and cbmpounded Machine that we 
find among all thoſe whoſe Inventions have been owing 
to the Diſcoveries of Modern Philoſophy, and which 


affords the greateſt Advantages to Mankind, The Fire- 


Engine is of two Sorts, Which I ſhall” here give the 


Theory of, and Figures of each according to the lateſt _ 


Perfection in which they are made. The Accountgiven 
aboye being only in relation to its firſt State and original 
19 Simplicity 


73 


74 


HyDRAULICS, 


Simplicity: But it is now. of a very different Form, | 


from the following hiſtorical Theory thereof. 
2, The Marquis or WaRCESTER, in his Gentur 

of Inventions, (printed A. D. 1663.) is the firſt that | 

now of who propoſed raiſing great Quantities of Wa- 
ter by the Force of Fire, turning Water into Steam 
and he mentions ſome Engine of this Kind, which he 
faw play'd a continual Stream in the Manner of a Foun- 
tain, forty Feet high. He alſo ſays, that a Perſon at- 
tending it turn'd two Cocks; that one Veſſel of Water 
being conſumed, another begins to force and re-fill with 
cold Water; and this alternately and ſucceſſively, the 
Fire being tended and kept conftant by the ſame Per- 


though acting upon the ſame Principle, as will appear 


ſox in the Interim between turning the Cocks. 


3. Captaia SAVERY, having read this Account, im- 
mediately attempted to raiſe Water by Fire, and was 
the firſt who ereRed an Engine for this Purpoſe, of the 
Form we have ſince had them. To ſecure the Inven- 
tion to himſelf, he bought up all the Marquis's Books 
that he could find, and burnt them ; and then gave out 
that he diſcover'd the Method by Accident. fie made 
many Experiments to bring the Machine to Perfection, 
and erected ſeveral for Gentlemens Seats, but could not 


| ſucceed for Mines, the Depth from which Water was 
to be raiſed from thence being ſo great, that it required 


— Steam too dangerouſly ftrong to be attempted in his 
ay. ; | | | 

yg Thus the Progreſs of the Engi ne was ſtopped, till 
long afterwards Mr. N:wcomen an Ironmonger, and Mr, 
John Cowley a Glazier, (both Diſſenters of the Baptiſ 
Denomination at Dartmouth) contrived another Way 
to raiſe Water by Fire, where the Steam to raiſe the 
Water from the greateſt Depths of Mines is not re- 


quired greater than the Preſſure of the Atmoſphere; 


and this is the preſent Structure of the Engine, and 


which is now of about 35 or 40 Vears 8520 
5. We have already ſhewn (Arnot. LXXVIII. 67.) 


that Water may be drawn from any Depth by a Com- 
pound Pump. Suppoſe the Depth = 150 Feet, and the 
Diameter of the Pump- Barrel at p be 7 Inches, then 


the Weight of a cylindric Column of Water 150 Feet 


nnen 
high, and + 


the End of a Lever hh, as at H, and at the other End 
another Power were applied, as at P, with a fupetior 


Force, the Pump might be worked, and the Water 


raiſed by that Power. _ | 
6. Now this Power cannot be human, or the Strength 


of Men; for it will require oO, Men to pull down the 


Beam, each pulling with a Force of 30 lb.; and 100 


more to relieve theſe when weary ; for the Pump in a 


Mine muſt not ſtand till : But 200 Men would be too 
expenſive. If we allow Horſes, (and- one Harſe equal 


to five Men) there muſt be 20 Horſes working at a 


time, and 20 more to relieve theſe ; which great Num- 
ber of Horſes, though leſs expenſive than the Men, will 
be found too great an Expence for moſt Mines: And 
neither Men nor Horſes would be able to give more than 
I5 or 16 Strokes in a Minute. 55 


7. Some other Power therefore muſt be applied; 


and the Philoſopher readily offers his Service with his 
Air-Pump, and Preſſure of Air. His Propoſal is to fix 
a ng or Cylinder C C, truly bored, about 8 
or 9 Feet long and 22 Inches wide, on the Top of his 
Air-Pump; and in this is a Piſton well leather'd, whoſe 
Rod L is faſtened to a Chain fixed to the End of the 


Lever at P. Now, * he, allowing 15 1b. of Preſ- 


ſure upon cut ſquare Inch, the whole Preſſure of Air 
upon ſuch a Pifton will be 5800 1b. which is near twice 
the Force to be overcome. But this muſt be effected 
by exhauſting ſo large a Barrel by the Air-Pump, and 


which he cannot do more than twice in an Hour; fo 


that he can produce only two Strokes in the I ime that 
900 are neceſſary to keep the Water from overflowing 

the Mine. „ e 
8. But though the firſt Expedient fails, he makes a 
ſecond Propoſition, and that ſucceeds ; which is as fol- 
lows. B is a large Boiler, whoſe Water by the Fire 
under it is converted into elaſtic Steam. The great 
Cylinder C C is fixed upon it, and communicates with 
it by the Pipe Dd; on the lower Orifice of which 
(within the Boiler) moves a broad Plate, by means 5 
| the 


and 34 Inches Diameter, will be about 3000 8. 
If now the Rod of this Pump were hung by a Chain to 
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the Steam · Cock or Regulator E 10, ſtopping ar ope n- 
ing the Paſſage, to prevent or permit the Steam to paſs 
into the Cylinder, as Occafion requires. The Diame- 


ter of the Pipe D is about 4 Inches. 3 
9. The Steam in the Boiler ought always to be a 
little ſtronger than the Air, that, when let into the 


Barrel, it may be a little more than a Balance to the 


Preſſure of the external Air, which keeps down the 
Piſton at the Bottom dn. The Piſton being by this 


means at Liberty, the Pump-Rod will, by its great 


Weight, deſcend at the oppoſite End to fetch a Stroke : 
For the Weight of 70 or 80 Yards of Iron-Rod amounts 
to about 9- or 10 Hundred; whereas the Piſton, and 
other Weights at the other End, is not above 4 or 4 
Hundred. The End of the Lever at the Pump there- 
fore will always preponderate the other, and deſcend 
when the Piſton is at Liberty. , 

10. The Handle of the Steam-Cock E 10 being 
turned towards n, opens the Pipe D to let in the Steam; 
and being turned towards O, it ſhuts it off, that no 
more can enter. The Piſton is now raiſed towards the 
Top of the Barrel at C, and the Barrel is full of Steam. 
The Lever O 1 muſt then be lifted up, to turn by its 
Teeth the Injecting- Cock at N, which permits the 


Water brought from the Ciſtern g, by the Pipe g MN, 
to enter the Bottom of the Barrel at n, where it flies up 


in the Form of a Fountain, and ſtriking againſt the 
Bottom of the Piſton, the Drops being driven all over 
the Cylinder will by their Coldneſs condenſe the Steam 
into Water again, and precipitate it to the Bottom of 
the Barrel. | | : 
11. Mr. Hen. Beighton made an Experiment to de- 
termine the Rarity of the Steam, and found the Con- 
tent of the Barrel of Steam was 113 Gallons; and 
ſince there were 16 Strokes in a Minute, therefore 113 
X 16 = 1808 Gallons of Steam per Minute, He alſo 
obſerved, that the Boiler required to be ſupplied with 
water at the Rate of 5 Pints per Minute; and fince 282 
cubic Inches make a Gallon, 35 4 make a Pint, and 5 X 


35 1 2 176; in 5 Pints; alſo the cubic Inches of Steam 
are 1808 X 282 = 509856; if then we ſay, As 176: 
| 509836 


«a a. 200.95” Fo Poor 4 ai... _— R 


ds r a 


5098 56 :: 


Injecting-Pipe M by the Arm z. 


the Pipe 
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1: 2893; or one cubic Inch of Water is 
expanded into 2893 Inches of Steam: Conſequently 
the Steam in the Barrel is reduced to 2853 Part, when 
turned to Water by the Jet of cold Water; and there- 
fore a ſufficient Vacuum is made in the Barrel, for the 
Piſton to deſcend unbalanced, by the Preſſure of the 
Alt. -- 

12. The Piſton being forth down raiſes the other 


End of the Lever, and conſequently the Piſton of the 


Pump, which brings up and diſcharges the Water at p. 
Now this whole Operation of opening and ſhutting the 
Steam-Regulator and Injection-Cock, will take up but 
little more than 3 Seconds, and will therefore produce 
very well 16 Strokes in a Minute. | 

13. That the Ciſtern g may always be ſupplied with 
Water, there is an Arch x fixed near the Arch H at 


the Pump-End, from whence another Pump-Rod & with 


its Piſton draws Water from a ſmall Ciſtern near the 
Mouth of the Pit, (ſupplied from the Water raiſed at p) 
and forces it up the Pipe mm m into the Ciſtern g, which 
therefore can never want Water, 

14. That the Leathers of the Piſton C may be al- 
ways ſupple, and ſwelled out fo as to be always Air- 
tight, a ſmall Stream of Water is ſupplied from the 
On the Top of the 
© linder is a larger Part or Cup L, to hold the Water 
8 lies on the Piſton, leſt it ſhould overflow when the 
Piſton is got to its greateſt Height, as at W; at which 
Time if the Cup be too full, the Water will run down 
V to the waſte Well at Y. 

15. The Water in the Boiler, which walls in 
nerating Steam, is ſupplied by a Pipe F about 3 Feet 
long, going into the Boiler a Foot below the Surface 
of the Water. On the Top of this Pipe is a Cup or 


Funnel F, ſupplied by the Pipe W with Water from 


the Top of the Ciſtern, which has the Advantage of 
being always warm, and ſo not apt to check the Boil- 
ing of the Water in the Copper. 

16. That the Boiler may not have the Surface of the 
Water too low, (which would endanger burſting) or 
too high, (which would not leave Room enough for 

dane 


i nee 
Steam) there are two Gage- Pipes at G; one going a 
little below the Surface of the Water when at a pro- 


per Height, and the other ſtanding a little above it. 
When every thing is right, the Stop- Cock of the ſhorter 


Pipe being open'd gives only Steam, and that of the 


long one, Water; but if otherwiſe, both Cocks will 
give Steam when the Surface is too low, and both give 
Water when it is too high; and hence the Cock which 
feeds the Boiler at F may be opened to ſuch a Degree, 
as always to keep the Surface of Water to its due 

5 The cold Water, conſtantly injected into the 
Cylinder to condenſe the Steam, is carried off by the 
Eduction-Pipe d T Y, going from the Bottom of he 
Cylinder to the Waſte Well Y, where going a little 
under Water it has its End turned up, with a Valve Y 
to keep out the Air from  prefling up into the Pipe, 
but permitting the injected Water coming the other 
Way to be diſcharged; whereby the Cylinder is kept 

18. Leſt the Steam ſhould grow too ſtrong for the 
Boiler, and burſt it, there is a Valve fixed at 5, with a 
perpendicular Wire ſtanding up from the Middle, of it, 


to put Weights of Lead upon, by which to examine 
the Strength of the Steam puſhing againſt it from with- 


in. Thus the Steam is knoyyn to be as ſtrong. as the 
Air, if it will raiſe up ſo much Weight on the Valve 
as is at the Rate of 15.46. to an Inch ſquare; becauſe 
that is the Weight of Air (nearly) on every ſquare 
Inch, as will be ſhewn in its Place. When the Steam 


becomes ſtronger than what is required, it will Jift up 
the Valve, and go out. This Valve is called the 


Puppet-Clack. 
19. The Steam has always a variable Strength, yet 


never 75 ſtronger or weaker than common Air: For; it 
has been found, that the Engine will work well, when 


there is the Weight of 1 U. on every ſquare Inch of 
the Valve b. This ſhews that the Steam is then 5 


Part ſtronger than the common Air. Now as the 
Height of the Feeding-Pipe from the Funnel F to the 
Surface of the Water 8s is not above 3 Feet, and 3+ 


Feet 
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ceding Stroke out of the Eduction-Pipe 


-Which it never does. 


Strength of the Air, it would juſt drive all the Water 
out at V, but could not follow itſelf, the Preſſure be- 


HVYVDRAULICS. 
Feet of Water is - of the Preſſure of the Air; if 
the Steam were +; Part ſtronger than Air, it would 
puſh the Water out at E; which ſince it does not 
do, it cannot be ſtronger than Air, even in this Cafe, 
where, the Regulator being ſhut, it is moſt of all con- 
ed. 

20. When the Regulator is open'd, the Steam gives 
the Piſton a puſh, which raiſes it up a little way; then 
falling a greater Space, it comes to be of the ſame 
Strength, and fo a Balance to the Atmoſphere; thus 
the Piſton, being at Liberty, riſes to the Top W. 


The Steam, how expanded into the whole Capacity of 


the Cylinder, is weaker than the Air, and would not 
ſupport the Piſton were it not for the greater Weight 
at the other End of the Lever, which keeps it up. The 
Steam each Stroke drives the injected Water of the pre- 
4 T V, and 
would itſelf follow, and blow out at the Valve V, 
(which is not loaded) if it were ſtronger than the Air, 

If it were exach equal to the 


ing on each Side the Valve equal by Suppoſition. If it 


be weaker than the Air, it will not force all the Water 
out of the Pipe 4 T V, but the Surface will ſtand ſup- 


poſe at T, where the Column of Water TV added to 


the strength of the Steam is equal to the Preſſure of 


the Air. When the Steam is 1 weaker than the Air, 
the Height T Y = 3 Feet. Now ſince. the whole per- 


pendicular Diſtance from 4 to Y is but 4 Feet, and the. 


Steam always ſufficient to expel the Water; it is plain 


it can never be more than 2s Part weaker than the 


Air, when weakeſt. 

21. There is Air in a'l the Water injected ; and tho' 
that Air cannot be taken out or condenſed with the 
Steam, yet will it precipitate and fall through the Steam 
to the Bottom of the Cylinder, as being much heavier, 
For it has been ſhewn, that Steam is to Water, as 1 to 
28931 in its Denſity, but the Denſity of Air is to that 


of Water, as 1 to 864 (as will be ſhewn) therefore the 
: 0p of Steam is to that of Air, as 2893 to 864; the 
. Air 
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Air will therefore fall through the Steam to the Bots 


tom, and from thence be driven out through a ſmall 


* 


Pipe opening into the Cup at 4, on which is a Valve. 


and is a little fironger than the outward Air, it will 


» 


Now when the Steam firſt ruſhes into the Cylinder, 


1 
74 


force the precipitated Air to open the Valve at 4, 


and make its Eſcape; but the Steam cannot follow, 


becauſe it is weaker than the outward Air, as the 
Piſton gives it room, by aſcending, to expand. This 
Valve (from the Noiſe it makes) is call'd the Sniſting- 


Clack. 


vine, we may reckon that Contrivance, by which the 
Engine itſelf is made to open and ſhut the Regulator and 
Injection-Cock, and that more nicely than any Perſon 


attending could poſſibly do it. For this Purpoſe there 


is fixed to an Arch Z, at a proper Diſtance from the 


Arch P, a Chain, from which hangs a perpendicular 


Piece or working Beam Q Q,, which comes down 


yo” |; : X > 6 125 * 
22. Among the greateſt Improvements of this En- 


2 


L 


a 
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quite to the Floor, and goes through it in a Hole, 


which it very exactly fits. This Piece has a long Slit 


in it, and ſeveral Pin-Holes, and Pins, for the Move- 


ment of ſeveral ſmall Levers deſtined to the ſaid Office 


of opening and ſhutting the Cocks, after the following 


Manner. | 


23. Betwen two perpendicular Pieces of Wood on 


each Side P, there is a ſquare Iron Axis A B (in the 
following Fig. where this Part is repreſented by itſelf 
for Diſtinctneſs) which has upon it ſeveral Iron Pieces 


of the Lever Kind. The firſt is the Piece C E D, 


called the V, from its repreſenting that Letter inverted 


by its two Shanks E and D; on the upper Part is 
Weight F te be raiſed higher or lower, and fixed, as 
Occaſion requires. This Y is fixed very faſt upon the 

ſaid Iron Axle AB. ' 1 

24. From the Axle hangs a Sort of an Iron Stirrup 
IK LI, by its two Hooks 1 I, and having on the lower 
Part two Holes K, L, through which paſſes a long Iron 
Pin LK, and key'd in the fame. When this Pin is put 
in, it is alſo paſs'd through the two Holes in the Ends 
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HyDRaULICS, 
at its End Q to the Handle of the Regulator V 10, 
From Q to O are ſeveral Holes, by which the ſaid 


moſt convenient. | | | | 
25. Upon the Axis AB is fixed at Right Angles to 


Outſide of the Piece QQ, and lies between the Pins. 


viz. H 5, ang placed at half a Right Angle to the for- 
mer G4; this paſſes through the Slit of the Piece 


when the working Beam goes up, its Pin in the Slit 
lifts up the Spanner H 5, which turns about the Axle 


to 6, in which Direction it would continue to move, 
after it paſs'd the Perpendicular, were it not prevented 
by a Strap of Leather fixed to it at O E, and made faſt 
at the Ends m and x, in ſuch Manner as to allow the Y 


Circle, at equal Diſtances on this Side and that of the 
erpendicular, 


Regulator is open, its Plate T Y being ſhown on one 


its greateſt Height; the Pin in the Slit has ſo far raiſed 
the Spanner H 5, that the Weight F on the Head of the 
Y is brought ſo far from u, as to be paſt the Perpendi- 
cular, and ready to fall over towards m, which when 
it does, .it will by its Shank E, with a ſmart Blow, 


10 of the Regulator towards 6, and thereby ſhut it, 


IN 


Pipe 8. 


riſing a little higher, with its Fin S on the Outſide up- 
on the lower Part lifts up the End 4 1 of the Handle of 


two Farts with Teeth, The Jet immediately mak- 
ing a Vacrum, the Beam again deſcends, and the Pin r 


web: th © by depreſſing 


Handle may be fixed to that Part of the End which is 


the V, an Handle or Lever G 4, which goes on the. 


Another Handle alſo is faſtened upon the ſame Axle, 
QQ lying on one of its Pins. Hence we ſee, that 


ſo faſt, as to throw the Y with its Weight F from C 


to vibrate backwards and forwards about a Quarter of a 


26. As Things are repreſented in the F igure, the ; 


Side the Pipe 8 which joins the Cylinder and Boiler. 
The Piſton is now up, and alſo the working Beam near 


ſtrike the Iron Pin K L, and drawing the Fork ON 
horizontally towards the Beam Q, will draw the End 


by ſlipping the Plate Y under the Holes of the Throat - 


27. Immediately after the Regulator is ſhut, the Beant 


the InjeCting-Cocky and opens it by the turning of the 
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deprefling the Handle + 1 ſhuts the Injection - Cock; and 


the Beam continuing to deſcend, the Pin p bears down 
the Handle G 4, and throwing back the V, its Shank D 


throws forward the Fork N , and again opens the 


Regulator to admit freſh Steam. After this every thing 
returns as before; and thus is the Engine moſt wonder- 
Silly commyed to wore RIES rhe, 

28. After the Engine had been made, as above de- 
ſcribed, for many Years, it received anogher Improve- 
ment of very great Advantage; and that was, inſtead 
of feeding the Boiler with warm Water from the Top 
of the Cylinder (as related Art. 15.) by the Pipe W 
above, and F f below; they contrived to ſupply it with 
the ſcalding hot Water which came out of the Educ- 
tion-Pipe dT V, which now, inſtead of going to the 


waſte Well at Y, was turned into the Boiler on the top 


Part; and as the Eduction-Pipe before went out at the 
Side of the Cylinder, it was now inſerted in the Bot- 


tom of the fame; and though the Preſſure of the 


Steam in the Boiler be ſomewhat greater in the Cylinder, 


yet the Weight of Water in the Eduction-Pipe be- 


carry the Water down continually,” by overcoming the 


Reſiſtance in the Boiler. - 


29. To conclude this Theory of the Fire-Engine, 1 


ſhall here add a moſt curious and uſeful Table of the 


Calculation of the Power of Fire-Engines for the vari- 


ous Diameters of the Cylinder, and Bore of the Pump, 
that are capable of raifing Water from 48 to 440 Hogſ- 
heads per. Hour, at any Depth, from 15 to 100 Yards, 


It was compoſed by Mr. Henry Beighton'; and is founded: 


on this Principle, that the Ale-Gallon of 282 cubic 
Inches of Water weighs 1016. 30. Averdupois, and a 
ſuperficial ſquare Inch is preſſed with the Weight of 
1416. 130z. of Air when of a mean Gravity. But 


allowing for ſeveral Frictions, and to give a conſiderable 


Velocity to the Engine, it is found by Experience, that 


no more than 8 6. of Preſſure muſt be allowed to an 


Inch ſquare on the Piſton in the Cylinder, that it may 
make about 16 Strokes in a Minute, about 6 Feet 
each, e e ö e 
| 30. Theſe 
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K 


30. Theſe Calculations are but for common Prac- 
tice; for with large Boilers the Piſton will make 20 or 
25 Strokes per Minute, and each of them 7 or 8 Feet, 


and then a Pump of. 9 Inches Bore will diſcharge more 


than 320 Hogſheads per Hour, and for other Sizes pro- 
portionably. The Uſe of the Table is eaſy; for ſup- 
poſe it required to draw 150 Hogſheads per Hour, at 
the Depth of go Yards dd in 5 7th Column I find 


the neareſt Number 149, and againſt it, in the firſt Co- 


lumn, I find 4 7 Inch Bore for the Pump; - then ye 


the Depth 90 on the Right-Hand, in the ſame Line, I 


find 27 lacks for the Diameter of the Cylinder fit for 


the Purpoſe, and fo for any other.” 
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HYDRAULICS 
(LXXXI.) The Method of conſtructing a Fire En- 


eine according to the original Inſtitution of. the Mar- 


quis of Worceſier and Capt, Savery, wherein the Water 


was to be raiſed ſolely hy..the.Þiel 


what is generally uſed in a Parlour Qhi 
very {imple and eaſy I ad 


for playing of Fountains to very greg! 7 ioht: 
2 Dr, Deſagaliers has given us gg trug jure of this 


* 


Engine on a Copper Plate with hit Improvements} 


and becauſe i think this better thatythat wigch Profeſ- 
ſor Muſſchenbroek has exhibited i Kis EH 


Phyſigue, pl. XXV. 


eſpecially for raiſing Water, I ſhall here give the ſaid Fig. 1. 


Figure and its Explication. © _ 5 

3. The Boiler B B is a large Copper Body of a glo- 
bular Form, which will beſt of all withſtand the very 
great Force of Steam, that is in this Caſe neceſſary. 
Round the Body of this Boiler the Fire and Fl me are 
conducted, as ſnewn at TTT. It has a Copper over 
ſcrew'd on, which contains the Steam-Pipe C D, and 
two Gage-Pipes N, O, which, by turning their Cocks, 
ſhew the Height of the Surface of the Water within, as 
in the other Engine. 


4. On the ſame Cover at P is a Valve, over which 


lies a Steel- yard with its Weight Q to keep it down, the 


Strength of the Vapour being this Way moſt exactly 
eſtimated: For being in the Nature of a Lever, of the 
third Sort, 'tis plain, if the Beam of the Lever be di- 
vided into Io equal Parts, and the firſt of them be upon 
the Middle of the Valve, and the Weight Qhangs at 
the 2d, 2d, 4th, &c. Diviſions, that then the Force of 
the Steam which can raiſe up the Valve will be 2, 3, 
4, Sc. times as great as the Weight. If the Area of 
the Valve be a ſquare Inch, and Q=15 lb. hanging at 
the 2d Diviſion is raiſed by a Steam puſhing up the 
Valve, it will ſhew the Steam will then preſs with the 
Force of 2 Atmoſpheres, and ſo on to 10 Atmoſpheres ; 
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but great Care muſt then be taken about it, leſt the 


Steam, ſo very ſtrong, burſt the Boiler to Pieces. 


F. The Steam is carried from the Boiler to a Cop- 
per Veſſel A by means of the Pipe CD, and is let into 
the ſame by turning the Handle K of the Steam-Cock 
DI. The Key of this Cock is kept down by the Screw 
L, held up'by the Gibbet DL. The Handle turn'd 
from K to & admits a Paſſage to the Steam into the 
Copper Receiver A. . | 8 
6. The Receiver A communicates at Bottom with 
the Sucking-Pipe ZH going down to the Water H in 


the Well X; and above with the Forcing-Pipe E E, 


which goes up a little above the Water of the Reſervõir 
R ; between theſe two Pipes are two Valves Fand G, 
both opening upwards. The Steam being let in upon 
the Water of the Receiver A, forces it up through the 
Valve F, and the Pipe E E to the Reſervoir, and then 
the ſaid Receiver is full of hot Steam. 

57. This Steam in the Receiver is condenſed by a Jet 
of cold Water coming from the Foreing-Pipe by the 
ſmall Pipe MI, being let in, and ſhut off by the Cock 
at M. The Steam being condenſed by this Jet, will 


be reduced within a very ſmall Space, and ſo make a Va- 


cuum, upon which the Water in the Well will ruſh up 
the Forcing-Pipe to reſtore the Equilibrium, and thus a- . 
gain fill the Receiver A; the little: Air being compreſs'd 
within a ſmall Compaſs at the Top above ab. 
8. That there may always be Water in the Force- 
Pipe for the Jet, there is a little Pipe which brings the 
Water to it from the Reſervoir, with the ſmall Stop- 
Cock Y to ſhut it off upon Occaſion. The Valves at 
F and G are examined at any time, by unſcrewing the 
Pin 1 to looſen the Strap 2, and let down the Flanch 


3, all which Parts are ſhewn larger in the Figures be- 


Jow. 


«hs By the peculiar Contrivance of the Cock at D I, 
and its Key, the Water is made to paſs from the 
Force-Pipe to the Boiler, to ſupply the Waſte in Steam. 


This is plainly ſhewn in the Sections of the Cock and 


PI.XXV. Key, where 5'is the Top of the Key; 68 a Hole on 


Fig. 2. 


one Side, which goes down to the Bottom, to convey 
the Steam or Jet of Water alternately to the Receiver; 
| R 7 is 
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5 is a Notch on the other Side to take in the Water 
from the Force-Pipe, and conduct it to the Boiler B. 
How this is done, is eaſy to conceive from a View of 
the two Sections of the Cock and Key in two Poſitions 
within it. 31 | 3 
10. The Boiler may hold about 5 or 6 Hogſheads, 
and the Receiver 1, Hogſhead : It will work 4 or 5 

Hours, without recruiting ; about 4 Strokes per Mi- 
nute will produce upwards of 200 Hogſheads per Hour. 
This Steam makes a Vacuum ſo effectually, as to raiſe 
Water from the Well to the Height of 29 or 30 Feet; 
and ſuppoſe the Steam able to lift up the Steel-yard, with 


its Weight hanging at the 6th Diviſion, it will then be 


able to raiſe a Column of Water about 50 Yards high, 
as being, then 6 Times ſtronger than the Preſſure of the 
Air, as is eaſy to underſtand from what has been ſaid 
on this Subject of the Common Water-Engine, (See 
Annotat. LXXX. 5.) the Water being raiſed in a ſimi- 
lar Manner in both Machines; there by the Preſſure of 
condenſed elaſtic Air; and here by the Preſſure of rari- 
fied elaſtic Steam. 

11. The Elaſticity of the Steam increaſing with its 
Heat, and the Space into which it endeavours to expand 


itſelf being as its Elaſticity or Strength, and ſince we 


know (by what precedes) that Water expanded into 
Vapour, of the ſame Strength of the Air, occupies near 
3000 times the Space as before, it follows, that when 
the Steam has twice that Strength, it will be expanded 
into 6000 ; if it be 5 times as ſtrong as the Air's Spring, 
it will become expanded into 15coo times that Space, 
and ſo on, beyond the Reach of Experiments. From 
all which it appears how near a perfect Vacuum we 


may approach by this Engine, or any other, by means 


of rarified Vapour. 


(LXXXII.) In the Philoſophical Tranſactions, N> 461. Plate 
there is an Account of an Improvement made in the XXVI. 
Fire- Engine by Mr. Payne, as follows. He has con- Fig. 8. 


trived two Iron'Pots or Veſlels of a conical Form in 


verted, as repreſented by ABEF, on the upper Part of 


which is fix'd a round Fore Copper Head (of about 
5% Feet Diameter) as LMN. There is then placed 


on the Inſide a ſmall Machine H, call'd the Diſperſer, 
WS. | with 
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with Spouts a, +, c, d, e, &c. round the Sides fix'd 
to it, and the Bottom thereof reſts on a Centre-Pin O. 


In this Machine is fix'd an upright Tube G, with 


Holes at the Bottom, and a Funnel P on the Top to 
receive a Spout of Water from a Conduit-Pipe Q, by 
the Stop-Cock R. | | 

2. 7] his Veſſel being compleated, two or more of 
them are placed in a reverberatory Arch for conveying 
the intenſe Heat of a ſtrong Fire, the Flame whereof 
encompaſſes the Iron Veſlels, and keep them in a red 


Heat, during the Time of their Uſe ; at which Time 


the Cog-W heel I, being turn'd by proper Machinery, 
Wwhirls the Diſperſer about with great Velocity, and 
cauſes the Water in it (by a centrifugal Force) to fly 
thro? the Spouts againſt the Sides of the red-hot Pots, 


which immediately converts the greateſt Part thereof 
into Vapour or elaſtic Steam, which is conveyed by a 

Common Pipe or Cock to the Barrel of the Engine to 
put the Piſton in Motion; and the waſte Water is con- 


vey'd away at Bottom, by means of a Pipe CD, with 
a Valve at D to keep out the Air. 
3. By many Experiments made on this Engine, Mr. 
Payne has proved the following Particulars, wiz. That 
ſuch an ignified Pot or Veſſel will rarify or expand 50 
Gallons of Water, Wine-Meaſure, per Hour. 


4. That a Cubic Inch of Water will make in Prac- 


tice 4000 Inches of Steam ; and therefore 50 Gallons 
will produce 4£000000 per Hour, or 770coo fer Mi- 


nute; hence two ſuch Pots will produce 15 40000 cubic 
Inches of elaſtic Steam per Minute. TT 

5. That by an Experiment made at a Fire-Engine, 
40 Gallons of Water per Hour, made into elaſtic Steam, 
will effectually give Motion to a 24 Inch Cylinder-En- 


ine. | ; 

6. That 112 15. of Coals is ſufficient, in this Me- 
thod, to rarify Go Gallons of Water fer Hour into 
Steam, whereas in the common Fire-Engine, with 


Boilers, *tis uſual to expend three times as great a 
Quantity. 2 


7. That 9; Gallons of W ater expanded into Steam 
will work a 36 Inch Cylinder-Engine ; from all which 
| 5:1 : he 
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* -” 


ke concludes, that his new Invention will ſave at leaſt 


60 per Cent. in Pit-Coals to work a Fire Engine. 
8. The Method by which he found how much Steam 


could be produced from a given Quantity of Water was 


this. He procured a Copper Globe A 12 Inches in 
Diameter, with two Braſs Cocks B B oppoſite to each 
other; by one of theſe the Globe was faſten'd to a 
Pipe E, which was fix'd to the upper Part of one of the 
Steam Veſſels (as at N) and was fill'd with Steam by 
the Cock F ; upon the other Cock was fix'd a ſmall 
Valve D, fitted to a Bore of one Inch Diameter; and 
C is a Handle or Bale to ſuſpend it by. 

9. The whole thus fitted weighed 15 /b. 3 0. Troy, 
or 12 46. 9; oz. Averdupois; the Capacity or Content 
was about 925 cubic Inches. The Globe being fix'd 
to the Steam Veſſel, all the Cocks were turn'd, till the 
Steam by paſling thro? had ſufficiently heated the Globe 
then being ſtopp'd, the Steam condenſed, and the Air 
let in, when weigh'd in a very nice Balance, the Weight 
was 15 15. 3 oz. 2 dwt. fo that the whole Quantity of 
Steam was but 2 Penny-Weights, or rv of an Ounce 


Troy, Whence one Ounce of Water makes 9250 cubic 


Inches of Steam. oe 
10. The Globe fill'd with Water weighed 45 15. 
7 . After this, it being fill'd with Steam, and one 
of the Cocks put under Water, the Water ruſh'd 
into the Globe, and the Cock being again turned, 
and the Globe of Water now weighed, the Weight 
was 44 15. q oz. which deducted from the former 
Weight, gave 14 ; which ſhew'd that all the Air 
was nearly excluded, or that a Vacuum was approached 
to in the Ratio of 713 to 727; or the Part poſſeſſed by 
Air was but the / Part of the Whole. | | 
11. The Air being again thus excluded out of the 
Globe by Steam, and both Cocks. turn'd, the Globe 
was thus weigh'd, and the Weight was 12 16. 101 oz. 
then one Cock was opened and the Air let in, upon 
which the Scale deſcended, and x an Ounce Averdupors, 
being added .to the other Scale, reſtored the Equili- 
brium, which was therefore the Weight of the Air, 
or 925 cubie Inches of Air weigh'd about 220 Grains. 
12. But it was found above, that the Globe full of 
deam weigh'd only 2 Penny-Weight Try, or 40 
| oo rains; 


go 


HyDravtlics, 
Tu abovementioned prodigious Nare- 


Hlaclion of a ſmall Quantity of Water will 


be made very ſenſible by the AÆolipile, 
whoſe Nature and Uſe in the Production 
of a continual and moſt powerful Blaſt of 


Steam, or vapourous Wind, is a Phenomenon 
_ equally curious and ſurpriſing, as will ap- 


| pear from the Experiment (LXXXIII.) 


Grains; whence the ſpecific Gravity of elaſtic Steam 
is to that of Air as 40 to 220, or as 1 to 5 nearly ; and 
ſince that of Air is to Water as 1 to 860, therefore the 


ſpecific Gravity of Steam is to that of the Water, as 


I to 860X5=4300. | | 

t13. Again, ſince x; of an Ounce of Water 

near 925 cubic Inches of Air ; then one cubic Inch of 

Water (which weighs F of an Ounce Trop) will 

expel about 4630 cubic Inches, but Ms. Payne take 

4000 for a Standard in Calculation. | . 
(LXXXIII.) 1. The /EoLiPiLE is an Inſtrument 

contriv'd for Uſe, as well as Jucundity. It has its 


Name from the Fable of Rol us, the God of Wind 


and Tempeſts, who was deſcribed, as having his Pn. 
lace in the Caves, and locking up the Winds in the 


Hollows of the Mountains. The Word literally in 


terpreted is, the Gates of Aolus (Aid wvaas) becauſe 
of the Similitude of its Effect. For it conſiſts of 
Copper globular Body, in which is inſerted a ſmall 
Neck or Pipe, with a very ſmall Orifice, from whence 


(when the Veſſel has Water in it, and heated) a Va. 


pour iſſues with prodigious Violence, Impetuoſity and 
Force, and blows in the Manner of a terrible tempeſſu- 
ous Wind. oo 

2. The Body of this Inſtrument conſiſts of two Parts, 


Pl. XXI. A and B, ſolder'd together with hard Solder, to endure 


Fig. 7. 


a great Heat of Fire. On the upper Part is alſo ſol 
der'd the Pipe CD, whoſe Orifice or Hole at D's 


about the 40th or 50th Part of an Inca. in Diameter 


The Way to fill it with Water is, to ſet it firſt, while 


empty, on the Fire, which will heat it, and drive out 


V. TIE 
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V. Tux laſt Cauſe of the Motion of 
Fluids which I mention'd was that of At- 
traction. We have already ſeen how by 
this means any Fluid will aſcend above 
the common Surface in Capillary Tubes, 


Motion of Fluids arifing from Attraction, 
is that of the Tides ; the Waters of the 


immenſe Ocean, forgetful, as it were, of 


their natural Quietus, move, and roll in 
ſwelling Tides obſequious to the ſovereign 
Power of the Moon, and weaker Influence 
of the Sun. 


&c. But the moſt notable and obvious 
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To illuſtrate this, let NE SQ repreſent pi. XXII. 


the Earth, covered over with Water Fig: 3. 


ABDF; NS the Axis of the Earth, EQ 
the Equator, T R the Tropic of Cancer, 
r the Tropic of Capricorn, M the Moon 


all the Air; then with a Pair of Tongs you take it off 
the Fire, and hold the End of the Pipe D under Water, 
and the Water will run in to poſſeſs the Space deſerted 
by the Air, by the Preſſure of the Atmoſphere. 

3. Foran "LEST it need not be more then half 
full of Water, which will be a conſiderable Fime in 
being changed into Vapour. The ſtronger the Fire, 
the better will be the Steam, and the more forcibly will 
it fly out, and it will continue this ſurpriſing Blaſt, till 
it is wholly evacuated ; then the Noiſe ceaſes, and a till 
fine Aura follows the Steam. Great Care muſt be 


taken not to have the Hole at D ſtopp'd in putting it in 


the Fire, for if that ſhould happen, the ZEalipile will 
burſt with a great Exploſion (equal to thatof a Cannon) 
and may do very great Miſchief, as | have twice expe- 
rienced, and once it was like to have been fatal; for 


in 


4 
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in her Orbit, S the Sun in his. Now 
ſince all Bodies are endued with an attract- 
ing Virtue, the Moon will attract all the 
Water in the neareſt Hemiſphere F AB, 


with Degrees of Force which are inverſely 
as the Squares of the Diſtances from all 
Parts; and therefore with the ſtrongeſt 
Force where the Diſtance is leaſt, viz. in 
the Point A directly under her; and this 
Attraction being in this Hemiſphere con- 
trary to that of the Earth, the Water in 
all Parts from B and F towards A will have 
their Gravity gradually decreaſing, and 


be lighteſt of all at the Part A; and con- 


ſequently muſt there ſtand higher than at 
the Point F, where they are more attracted 
by the Earth, and fo heavier, as is evident 
from the Laws of Hydre/tatics. 


then, when it burſt, the Power was fo great, as to 
rend aſunder the Body of the Infttument, not in the 
Jointure, but in the ſolid Metal, which was at leaſt 8 
Hundredths of an Inch thick. It happily ftood fo as to 
fly againſt the inner Part of the Mantle-Piece, which 
beat it both Sides together by the Violence of the Blow; 
which, had it flown into the Room, muſt have been fas 
tal to any one or more who ſhould have been in its 
Way. | 8 | 
4. To give an Idea of the great Force neceſſary to 
burſt the Æolip le in the Manner above mentioned, let 
us proceed to Calculation. It has been found by Experi- 


ment, that a Copper Wire v of a Rhine-Land Inch in 


Diameter was broke aſunder by the Weight of 2991 (6. 
hung on to it. Now the Rhine- Land Foot is to the 
London Foot, as 139 to 135 ; the Diameter thereſore 


AGAIN: 


HExDLAULICHS 
AGAIN: In the other Hemiſphere FDB, 
the Attraction of the Moon = pires with 


that of the Earth; but decreaſing as the 
Squares of the 838 increaſe, the joint 


oppoſite to the Moon; where, again, the 
Waters will be lighteſt, and therefore 
ſtand higheſt to preſerve the Equilibrium. 
Whence it appears, that by this Sum and 
n ll Difference of the Moon's and Earth's At- 


e traction, there will neceſſarily enſue a Pro- 
d tuberance or Swelling of the Waters, which 


1 ue call Tides of Flood, in the two Points A 
and D directly under the Moon. Alſo in 


there moſt attracted, ſo they will be 
heavieſt, and conſequently riſe to the leaſt 
Height from the Earth's Surface, whence 


of the Wire in Engliſb Meaſure was 235; of an Inch, 


whence the Area of its "tranſverſe Seftion will be 


212532 


2551388 5 Or very nearly +3; of an Inch ſquare, 


about +3,, or 0,08 of an Inch, whence 12,566X0,08 
=1,00528=the Area of the rended Circumference of 
the Kolipile. Then ſay, by the Rule of Three, If 
Nr or 42, require 299 or 300 l. to break it, What 
, let will I ſquare Inch require ? The Anſwer is, 38250 lb. 

for 3 : 300 lb.: : 38250 1b, So the Force of the 
Seam Which burſt the Zolipile was Thirty-eight Thou- 
2 and tios Hundred and fifty Pounds, or one Thou- 
land nine Hundred and twelve Tons and an half, 


6, This! may ſerve as a notable Inſtance of the incre- 


they 


Force of Attraction will every — —— de- 
creaſe from F and B towards D, the Point 


the two Points F and B, as the Waters are 


5. The Diameter of the /Folipile is 4 Inches, its 
Circumference therefore is 12,566; its Thickneſs - 


H vp RAU ics 
they are cald Tides of Ebb, of the Ebbing 


« of the Water. | 
Ir to the Power of the Mobrr we add 
that of the Sun, we ſhall have the Tides 
conſiderably augmented at the Conjunckion 
in 8, or Oppoſtion in H, that is, af the 
| New and Full Moons, which are call'd e 
Spring Tides ; as thoſe which happen when I / 
| e Sun is at O or P are cad Neap Tides, f 
* the Waters at A and D being then loweſt, I - 
becauſe the Attraction of the Moon is then N e 
counteracted by that of the dun. X 
Ir is farther to be obſerved, That of bt! MW 1 
too Tides of Flood at A and P, that at A is A 
greateſt to any Place T in Northern Tati. 
rude, when the Moon is in Northern Signs, 
and above the Horizon ; for the Point A is 
then nearer the Zenith of the Place G, 
than the oppoſite Point D is to the ſame 
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dible-Force of elaſtic Steam, it being three times as 
great as the Force of Gun- powder in the largeſt Can- 
non, as calculated in Annotat. XXV. Hence it appeats 
of what prodigious Uſe this expanded Vapour would 


I. 


1 4 


FI 


be, could we rarify Water into Vapour as ſoon, and 
with the ſame Eaſe, as we can ſet Fire to Powlet; This 
Property of Air has already ſupplied us with Afi#-Gims3 
and with much greater Effect might we have Stan- 
Guns, and other Inſtruments, if that could be done. 
7. To try this, one need only'take a Vial with one 
Drop of Water in it, and ſet it over the Fire, till the 
Drop begins to riſe in Vapour, and drive out the Air, 
then putting the Cork faſt into the Mouth of the Vial, 
{et it on the Fire, and incline it to the farther Side of 
the Room; after ſome little Time the Steam will dif 


Place 
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Place at R twelve Hours afterwards ; and 
is greater than that of the oppoſite Tide 
Rg. The contrary happens when the 
Moon is in Southern Signs. 
ITuar there are tue Tides of Flood, and 
two of Ebb, ſucceeding each other alfernate- 
Y at the Interval of fox Hours, is obvious 
from the Figure. That they happen later 


exact Correſpondence to the Motion of the 

An, which daily culmrnates fo much later. 
% That they happen not when the Moon is in 
ig I tbe Meridian, but about three Hours after, is 
i- owing to the Force of the Moon being 
then greater than when in the Meridian of 
any Place; as the Heat of the Day is greater 
at Three O Clock than at Twelve; and the 


charge the Cork with a conſiderable Exploſion, and 
Fabia it as fat as a Grain of Gun-Powder would have 
one. 8 

8. Or thus; let a few Drops of Water be put Into a 
Piſtol, or Gun- Barrel, cloſed on the Breach-End, and a 
leaden Bullet thruſt hard into the Barrel; let the End 
of the Barrel then be put over the Fire to heat, and ex- 
pand the Water into Steam, which when it begins to 
come out of the Touch-hole, will ſhew the Air to be 
all excluded; then let the Hole be ſtopp'd with a ſmall 
Plug, and in ſome time the Vapour will diſcharge the 
Bullet, with as much Force as a common Charge of 
Powder, and with the ſame Report and Execution. 

9. And though it may be difficult to contrive any 
Method of making Vapour of a ſufficient elaſtie Force 


than 


conſequently, the Height of the Tide 8 G 


each Day near an Hour, is owing to their 


Heat of the Summer is greater in Augaſt, 
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than at the 10" of June. Laſtly, that the ö 
greateſt Spring Tides happen not at the 10" fil 
March, and 12 of September, but in Fe- 


bruary and October, is becauſe the Sun be. 
ing neareſt the Earth in December, his In.“ 
fluence is then ſtrongeſt, and ſo muſt} 
quicken the Time of the greateſt Vernal 
Trdes; and being weakeſt in June, the 
Time of the Autumnal Tides will neceſſarily: 
bY 


be retarded. 1 3-8 
_  Sucu are the Phenomena of the Tides, ac- 


cording to a general Theory, and are 
found to be verified in thoſe Parts of the 
Earth's Surface which are wholly cover 
with Water, as the Theory requires; I mean, 
the vaſt Atlantic and | Weſtern Oceans 


(LXXXIV.) . 1M 


in large Quantities, ſo as by,ConduQ-Pipes to chargs 
large Guns therewith, at a Diſtance from the Steam? 
Veſſel ; yet ſomething of this Kind may be effected, . 
expanding a ſmall Quantity of Water at the Bottom df | 
the Cannon into Vapour, by firſt putting a red hot Ir 
Bullet down the Bore to the Water, which it ſoon diffi- | 


pates into Vapour, and when confin'd at the Touch- 


hole, and another with which the Cannon is charged, 
it will ſoon become ftrong enough to drive it with Force 
enough for any propoſed Effet. So that the Sean. 
Gun, or even a Steam-Cannim, is perhaps a Matter not 
merely in poſe, but may be hoped for in Reality, if all 
proper Expedients be tried, and Experiments made for 
that Purpoſe. 1 

(LXXXIV.) 1. The Theory of the Tides is a Poing 


of great Curioſity and Importance, and has therefore? 


excited ſeyeral learned Gentlemen to endeavour an Ex. 
planation thereof, in ſuch Ways, as they think the v 
rious Phænomena will be beſt and moſt eaſily „ 
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ſtood. I have conſider'd them all, and can find none 

which I think fo natural and obvious as that which I 

have here propoſed. Nature herſelf here points out all 
the Phznomena, and that too plainly to want any Affiſt- 
ance from the various Contrivances of Art; which I 
find by frequent Experience is more apt to puzzle than 
afford any Eclairciſſiment in this particular Caſe. | 
2. The Mathematical Principles of Theory are as 
follow. Let T be the Centre of the Earth, O the : 
Moon, and A CBD the Circumference of the Earth, _ 
which ſuppoſe all around environ'd with Water, whoſe "I i 
outmoſt Surface is repreſented by the dotted Circle, and* '&* 7+ 
its Diſtance from the Earth's Surface is indefinitely 
ſmall in reſpe& of the Earth's Semidiameter. Now 'tis 
plain were the Moon away, or her Attraction at the 
Earth nothing, the Waters would every where have an 
equal Share of the Earth's attractive Power (ſuppoſing 
the Earth quieſcent) and ſo would take their Place at 
an equal Diſtance from the Centre, and therefore con- 
form themſelves. to a ſpherical Figure, agreeable to 
what was ſhews under the Laws of Hydreoſiatics. ; 

3. But ſince the Earth is not quieſcent, but moveable. 

upon its Axis, the Centrifugal Force generated under 
the Equator (where it is greateſt) will there diminiſh 
the Power of Gravity upon the Waters, and render 
them leſs heavy there than on any other Part, and as 
the Centrifugal Force decreaſes towards each Pole, the 
Weight of the Water will inereaſe, and be greateſt un- 
der Shes Pole. And ſince Fluids, which communi» 
cate with each. other, maintain an Equilibrium, and if - 
they are of different Weights, they have alſo different 
Denſities, and conſequently require different Altitudes 
to ſuſtain each other in Eguilibrio; therefore it follows, 
that the Waters under the Equator, which are lighteſt, 
muſt have a greater Altitude (or Diſtance from the 
Farth!s Surface) to be in Eguilibrio with the Waters 
unden the Pole, which are heavier, and will therefore 
have à leſs Altitude. Hence the Figure of an on 
Ocean will not be ſpherical, but a flatted Spheroid 
(like that of the fluid Earth, and 
in Anaatat, XXAXIV.)... 
of the Equator continued, 


Vor II. | H 


for the ſame Reaſon, 


— 


4. But 
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4. But as this reſults from the diurnal Rotation of 


the Earth only, which is always uniform, and every 


where conſtantly the ſame, it can cauſe no Alteration 
in the Depth of the Water, in any particular Place, 
and therefore can have no Share in the Cauſe of the 
Flux and Reflux of the Sea, at leaſt ſo little as not to 
deſerve Notice, and cannot be diſcern'd by the Senſes. 
However, what that is will be ſhewn in the Sequel of 


this Note. | 


5. The alternate Riſing and Falling of the Waters 
is therefore owing to ſome other Cauſe or Cauſes than 
what can be found in or upon the Earth; that is, it 
muſt be owing to ſome of the heavenly Bodies, which 
we ſee at a Diſtance from us. I his the Ancients made 
no Doubt of ; and aſcribed it to the Influence of the 
Moon, with good Reaſon, as they ſaw ſo plain a Con- 
gruity between the Motion of the Waters, and that of 


the Moon. They could not alſo but obſerve, that at 


each New and Full Moon the Tides were greater than 
at other Times, and were therefore aſſured, the Sun 


was likewiſe concern'd in the Cauſe of the Tides. Yea, 


Pliny aſſures us, that they were ſo nice as to obſerve 
the annual Phenomena of the Tide; and knew that the 
Tides. were greater in Winter than in Summer. But 
they had no Theory to account for the diurnal, men- 
{trual, and annual Differences of the Tide. This was 
reſerv'd for the Invention of the celebrated Author of 
our Philoſophy, whoſe Footſteps, therefore, we ſhall 
here inſiſt on as near as poſſibly we can, in explicating 
all the particular Phenomena of the Tides. 1 
6. Since (as we have ſhewn) all Bodies mutually at- 
tract each other, the Moon at O will attract the Fah 
at T, and its Waters, as well as be attracted by it. 


But ſince the Law of Attraction is to decreaſe, as 


the Squares of the Diſtances increaſe, the Water at 
A, P, C, B, or at A, D, p, B, will be differently 
affected by the attractive Power of the Moon at O; 
the Attraction at A will be greateſt as being neareſt, 
that at B leaſt, and at C or 5. it will be at a Mean, 
and the ſame nearly as at T the Centre of the Earth, 


5 * of the very great Diſtance T O in reipect of 


7. Let 


LM 
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7. Let us conſider the Caſe of one aqueous Particle at 
P, and compare it with that of A in the neareſt Hemiſ- 
phere CAD ; and of another at p compared with that 
of B in the fartheſt Hemiſphere C B D. Draw the 
Lines OP and Op; in OP continued out let O K re- 
preſent the mean Attraction, or that of the Particle C, 
and let it be made as OL: OK ::; OK*: OP; 
then will OL: OK: FF.: YER. or OK R. 


: OL: Fo wherefore O K and O L will repre- 


ſent the attractive Forces of the Moon on the Particles 
at C andP, as being inverſely as the Squares of the 
Diſtances. . | | Sa 

8. In like Manner, if we take O!: OA:: O#:Op?, 
then will O /be the Force with which the Particle p is 
affeded by the Moon. Continue out O T, and draw 


LM parallel to PT, and /m to p T. Then is the 


Force OL reſolvable into the two Forces L M, and 
MO, and the Force O!] into Im, and m O. Now 
ſince L M and /m directly conſpire with PT, and 
pT, they will expreſs Forces to be ſuperadded to the 
Attraction of the Earth upon the Particles P and p; 
and therefore -unleſs theſe additional Forces were eve 
where the ſame, the Waters about the Earth's Surface 
cannot have an equal Power of Gravity towards the 
Earth's Centre; and ſo cannot exiſt in a ſperical Form. 
9. In order to ſee this, we have (by fimilar Triangles 
LOM and r LM: PT :: LO: PO; whence 
P1X 3 * | 
=p but lince LOis as F. (by Art. 7.) 
* 
PO; 
and for the ſame Reaſon / n = —_ that is, LM: 


m :: p O: P On; but ſince PO is leſs than pO, LM 
will be much greater than / m, conſequently the Wa- 
ter at P and p will be affected with very different Forces, 
end therefore will not tend equally to the Earth's 
Centre T, or be at an equal Diſtance from it. And 
this Difference of Forces will be greateſt of all at the 

95 H 2 Points 


we have LM BN or ſince PT is given LM 56 
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Points A and B, for there ms 'perturbating Forces will 
be as AQ3 and BO inverſel 


y, which Cubes have'the 


10. Now this is only one Part of the AttraQion of 


the Moon which difturbs the Waters; the other Part 


be the Force with which the Earth's Centre is attracted 


by the Moon O, tis plain the Waters can never accede 
dixeAly towards the Moon with the fame Velocity 
that the Earth does, unleſs when MO and O are 
equa! to T O, that is, at the Points C and D. From 
MO ſubduct TO, the Remainder TM will be the Ex- 
ceſs of Force, by which the Waters in every Point P, of 
the Hemiſphere CAD will be accelerated towards the 
Moon more than the Earth itſelf ; and T m will expreſs 


the Force by which the Earth tends towards the Moon 


more than e W. ter at any Point 5 in the remote He- 
miſphere CB D. 5 EE | 
11. The Proportion of the Part of the Force MO, 
in refpe& to OP, is thus found; as MO: OT:: LM 
PT 51 wherefore M 02 2 E but ſince both 


1 


OT and PT are conſtant, we have M O as L M, i. e. 


M O is as 80g. Therefore at A, M O will de as 


IT and at B, m O will be as 5 Bre that is, in re. 


ſpect to the Points A and B, we have MO: O! 


OB: AO; and fince theſe Cubes are the greateſt 
of all others, the Waters will be accelerated in A to- 
wards the Moon with the greateſt Difference of At- 
tractign, and at B with the leaſt; conſequently the 
W ater will there on this Account alſo recede moſt from 
a ſpherical Figure. 

12. Therefore, ſince both Parts of the Moon's Force 
are proportional. to the ,Cubes of. the Diſtance of the 
Luminary inverſely, they will both conſpire to make 
the Waters at A and B recede from the Centre of the 
Earth T., and put on a ſperoidical Figure, whoſe long- 


eft Axis B A goes towards the Moon's Centre O. The 


Force MOZM T+T O, but ſince the Part T O is 


4 | always 
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always the ſame, the perturbating Patt will be only 


TM, which will be as MO — TO, and fo whe 
M O=T O, then T M= a; which happens ay, 
is at C or D; and then alſo L | 

and both with CT; whence ſince in that Caſe the 
Line OK becomes O C=O F, the perturbating Forces 
will in Part yaniſh (viz. N and the other Part 
LM will make the Waters at C heavier than in any 


other Place; and ſince every thing happens inverſely, 


with regard to the Particle p, it follows, the Waters 
about the Points C and O will be at a leſs Diſtance 
from the Earth's Centre than any where elſe, whence 
CTD will be the ſhorteſt Diameter of the aqueous 


7 1 


Spheroid A CB D. 


13. The Sun at $ is ſhewn to produce the ſame Sort 
of Effects upon the Water, about the Earth; only in a 


leſſer Degree. For tho' the Momentum, or abſolute 
Force of the Sun upon the Waters is much greater than 
that of the Moon, yet the Parts of the Force which di- 


ſturb the Figure of the aqueous Globe, viz. LM and 
Is, and TM, and Tu, will in this Cafe be leſs than 


before, on account of the much greater Diſtance T S 
than TO. As the perturbating Forces of the Moon in 
the Points A and B are as B O® to A Os, thoſe of the 
dun will be as S B to 8A. But the Difference of 
theſe latter Cubes is much leſs than that of the former, 
becauſe of their vaſtly larger Roots SB and SA. For 
Example, Suppoſe OA 10, OB=11 ; and SA Ice, 
and 88 101; then QA? ; OB :: 1000: 1331:: 100 
1033 nearly. But SA3 ; SB. :: 1000000: 1030301: : 
100: 103 nearly. 1 
14. Hence we ſee, that both the Luminaries produce 
a Tide in two oppoſite Parts of the Earth's Surface A 
and B, in a Space of a Day proper to each, i. e. in the 
Space of a Lunar and Solar Day, or the Time in which 
the Moon, or the Sun, after leaving the Meridian, 
comes to it again. The Lunar Day (becauſe of the 
Moon's quick Motion conſpiring with that of the 
Earth) is about 50 Minutes longer than the Solar Day 
of 24 Hours. And thofe Tides will always be moving 
the ſame Way, ſometimes together, ſometimes ſepa- 
_w_w 1 


M coincides with PT, 
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E 
rately, that of the Moon always following after that of 
V . oo Joe. 
| 15. In order to compute |the Forces of the Sun and 
Moon to raiſe the Waters, we will ſuppoſe (at preſent) 


that P is the Moon, and T the Earth, then LM will 


be the Addition of the Moon's Gravity to the Earth 
ariſing from the Action of the Sun 8. When P is at 
C, then LM will be as CT, which let us call A. 
The Gravity of the Earth towards the Sun will be ex- 

unded by T8, which call F, that is, let CT: TS: 
K F. Let P be the periodical Time of the Earth about 
the Sun, and p that of the Moon about the Earth; alſo 
let F be the Force of Gravity in the Moon towards the 

. 


Fart; then will F: F: PE 75 (by Au. XXXIV. 


6.) therefore F r: A 5 3 conſequently, = 
e RP 0 1 
&, that is, Tus 5 whence A Fi: R P 3 or 


the additi:nal Gravity to the Men at C, is to the Gravity | 


of the Moon towards the Earth, as the Square of the 


Mon Period to the Square of the Ear ib's Period. Now 


=27 Days 7 Hours 43“; and P = 365 Days 6 Hours 


9, whence p“: P* :: 1000: 178725 ::1: 178788, :: 
A:. | : Wo | 


16. Now the Semidiameter of the Earth being put 
=I, and Gr Power of Gravity on its Surface; ſince 
the Mean Diſtance of the Moon from the Earth is 60 


Semidiameters of the Earth, we ſhall have f: G:: 1*: 


60* ::1 : 36co ; therefore 3600 =, and f === . 
which being put for , in the Proportion above, we have 


8 : 1 : 178,725 ; whence 178,725 A 5600 


Therefore A: G:: 1: 178, 72 5 X 36c0=64. 3400. 
17. What we have hitherto ſaid is upon Suppoſition 
that the Moon revolves about the Centre of the Earth 
at Reſt ; but this is not the Caſe, for both the Earth 
and Moon revolve about one common Centre of Gravity 
(as we have ſhewn An. XXX VI.) and allowing the Maſs 
of Matter in the Moon to that in the Earth as 1 to 


3997 86, 


f : = =f truly equated. But here f= 


HDR 
39,788, we find the true Mean-Diſtance of the Moon 


from the Earth revolving about the common Centre of 


Gravity, to be 60,5 Semidiameters of the Earth; but 
the Force by which it is retain'd in its Orbit at 60 Se- 
midiameters, is to the Force retaining it at 604 (re- 
volving in the ſame Time as before) as 60 to 6oE (as 
was ſhewn Annotat. XX XIV. 8.) wherefore 60: 60: :: 

60, | 60 f © 2 


60, 5 


before we had => = therefore. == , and ſo 


. 60,5 
60,5G- 4 Yo WO 
8 =t; wherefore A (3-24.48 943400 | X 


8 : ls 
Tos © 63805 9,78=6, that is A ==. 


18. After the ſame Manner it is ſhewn, if any Body 
P revolve about the Earth at its Surface, it would at C 


have an additional Gravity a, which would be as = 


therefore A: a:: 602:1::=: 25 whence x 60 4 


5 
= 60;X638059,78=38602616,7. Now becauſe the 
Waters will be affected juſt in the ſame Manner as ſuch 
a Body revolving at the Earth's Surface, by the Influence 
of the Sun, (becauſe both will yield to an impreſs'd: 
Force) therefore the Power of the Sun to increaſe the 
Gravity of the Waters at C and D, is to the Power of 


\ 


Gravity as to 38602616,7. - 


19. In order to eſtimate this Force at A and B, we muſt | 


find the Value of L M there, by which the Particle at 
A is impell'd towards T; and of I M, by which it is 


impell'd in a contrary Direction towards 8. Then will 


the Difference of theſe two Forces, viz. T M—LM, 
be the Force required. In order to this, it muſt be 
conſidered, that on account of the prodigious Diſtance 
of O in Compariſon of P, the Angle PO T will be ex- 
ceeding ſmall, and the Lines OL, O M, may be look- 
ed upon as parallel, and therefore LM PT, and PL 
=T M, very nearly. 8 js | | 
20. Then when P coincides with A, and K with T, 
we have LM = AT = PK, and TM = PL AT- 
| — 4 7 KL; 


ww” 


103 


Hrn AUA 
KL ; wherefore TM—LM=KL, which therefore is 
the whole Force by which the Waters at A are drawn 

from the Earth's Centre T. In the ſame Manner it is 
ſhewn that Tm Mm = +1 = to the whole perturbating 
Force at B. 3 | Re 
21. Again, fince SP is nearly equaltoSK,and it is SL 
: SK : : SK* : SPI, and therefore S. SK: SK:: $K= 
SP: SP*,'that is, K L: SK: P KXSK+8$Þ : SP* 
\ (becauſe the Difference of the Squates of any two Num- 
| bers is equal to their Sum multiplied by their Diffe- 
rence ; thus a+b X A- =4a — bb.) Therefore 
ſince SKE—=SP, we have KL: SP:: P KX26SP : SP*:; 
2PK - SP; wherefore KL=2PK, and PL TM 
3 K. | | 
22. Hence when P coincides with A, we have PK 
=AT=PT=LM, and therefore T M=PK=3LM; 
whence TM—LM = KL = 2LM = 2AT = 2CT, 
But C T expreſſes the additional Gravity at C; there- 
fore KL=aTC, is the Force by which the Waters are 
drawn from T towards 8; and fince TC S a = 
: 2 = G - 
38602616,7* V© have KL == 8502616, 2 19301308, 3 
that is, the Diminution of the Gravity at A is double 
he Increaſe of it at C, and is e on : WT Part of 
the whole Gravity. | 
23. Hence the Sum of both the Forces K L + LM 
ee * 38602616,7 3802616, 


* 87 o or the whole Force of the Sun to a« be 


gitate the Waters of the Ocean will be wer 5. 


Part of the Gravity or Force of the Earth's Attraction. cor 
Fhis is the Force in any given Place to which the Sun M' 
is vertical. and in his Mean- Diſtance from the Earth. cou 
In other Poſitions of the Sun, the Force will vay in I. 
th: Proportion of the verſed Sine of double the Sun's WW" 
Altitude above the Florizon direftly, and the Cube of u ter 
Diſtance from the Earth inverſely, +5 

| 24. It 0 
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the Parts of the Earth under the Equator is 2595 of 


Gravity, (Annetat. XXIV. 20.) wherefore the cen- 
trifugal Force is to the Sun's Force to agitate the Sea, 


as 12867 538,9 to 289, or as 44524,4 to 1. Alſo 


ſince the Diameter of the Equator is to that of the Poles 
as 230 to 229 (as was there Thewn), if we ſay as 229 : 
230 : : 4000: 4017, , the Difference 17,5 Miles, or 
924000 Feet, is the Effect or Elevation at the Equator, 


occaſioned by the Centrifugal F orce. Say then, As 


4452454 : 924000 :: 1: 2,07==2 Feet ; of an Inch 
24.84 Inches, which therefore is the Height which the 
Sun can elevate the Waters to at A and B above that 
at the Points C and D. | 


fit to find great Fault with Sir Isaac NewToN, and 
his Principles, calling this Altitude of 25 Inches an 
enormous and erroneous Effet, becauſe his own Calcula- 
tion produces but £5 a Foot, or a little more, for the 
Height to which the Sun can elevate the Sea. But ſince 
Meſſrs. Bernoulli and Mac Laurin have each of them ſe- 
parately inſtituted the Calculus, and refolv'd the Pro- 
blem, with ſuch an exact Agreement with each other, 
and with Sir {/aac, there is no Room to doubt of the 


Euler has advanced in ContradiQtion to Sir Iſaac Netu- 
ton, og 

26. The Power of the Sun to move the Waters has 
been computed by means of the periodical Times of the 
Earth and Moon; and after the ſame Manner might be 
computed the Force of the Moon to diſturb the Waters, 
vere there any Satellite revolving about the Moon to 
compare its periodical Time with the Moon's pe- 
riodical Time; but as there is none, we muſt have re - 
courſe to other Methods, the eaſieſt of which is, to 
collect the Proportion of the Force of the Sun and 
Moon from the Proportion of their Effedts on the Wa- 
ters of the Sea; that is, by obſerving the Heights to 


Kcontrarily ; thus Stirmius obſerved at the Mouth of 
the 


24. It has been ſhewn that the centrifugal Force of 


25. In this Computation, Profeſſor Ev l: xx has thought 


Truth of it; and it appears to depend on as certain 
Principles, and more evident than thoſe which Mr. 


waich they riſe when they act together, and when they 
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the Avon, at the third Stone below Bri/lol, that the 
Water in the Syzygies was about 45 Feet, and in the 
Quadratures about 25 Feet. Alſo at Plymouth, Cap. 
tain .Colpreſ5 obſerved thoſe Elevations to be as 20 to 
112, or 41 to 23. At Havre de Grace the Altitudes 
have been obſerved as 17 to 11. The Mean of all 
theſe Proportions is 10 to 6. Let 8 = the Sun's Force, 


and L the Moon's Force; then will L +8 : L-$ 


2: 10:6 :: 5:3; whence L: S:: 4: 1, ot the Force 
of the Moon will be about 4 times greater than that of 
the Sun, . 

27. And this would be a determination ſufficiently 
exact, were the Sun and Moon in the Equator, in their 
Mean Diſtances from the Earth; alſo were the Tides 


to be greateſt and leaſt in the Syzygies and Quadratures, 


and the Diſtance of the Moon the ſame in each; but 
ſince all thoſe Things are found otherwiſe in Fact, we 
ſhall have the above-mentioned Proportion varied b 
them in ſuch manner, that it will become at | 


1,017522 LT, 7986355 8:0, 9830427 & 0,8570327L 


D, 7986355 8 5: 33 or, putting Letters for the 


Numbers, a = 1,0175, b = 0,7986, c = 0,983, d = 


0,857, we have aL +bS:cdL—6bS:is5: 3. 


28. Hence aL + bS=s, andcdL —bS=z; 
whence —— 2 which ſubſtituted in the other 


Equation gives cd. — 5 14 Lr 3, or cd4L Aal 


— 


= 8, whence L = FE. = 4,301; then 


0,7808 = S. Wherefore 8: L.: 07808 : 4,301 : 1: 
5,508 ; but if we take the Mean-Proportion of Tides 
as 9 to 5, as Sir Jſaac Newton has done, then S : L:: 


1: 4,48f5. Since the Sun elevates the Water 25 


Inches, the Moon will elevate it 25 X 5,508 Inches = 
137,7 = 11: Feet. The Sum of both Forces ſhould 
elevate the Water 13 Feet at the New and Full Moon, 
and the Difference of the Forces ſhould raife the Water 
92 Feet, as in the Quarters ; and theſe Heights anſwer 
pretty well to Obſervations: For in the Atlantic and 
A thiopic Oceans the Tides are found from 6 to 1; Feet 


In 
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In ſhort, that the Phænomen of the Tides, in this re- 
ſpect, may anſwer to the Theory, the whole Globe 
ſhould be covered with very deep W ater ; at leaſt the 
Ocean ſhould not be leſs than go Degrees wide, or one 
Quarter of the Globe. l 
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29. The Sum of all that has been ſaid is this: Plate 
If NO P Q be the Surface of the Earth, T its Centre, XX VI. 
IFK GLH CE a Circle repreſenting the ſpherical Fig. 2. 


Surface of the Waters covering the Earth, and affected 
only with the Gravity of the Earth; upon placing an 
attracting Body at S at the Diſtance 8 T, the Waters 
will no longer continue their ſpherical Figure, but be 
immediately drawn into a ſpheroidical Figure ACBD, 
in ſuch manner, as to be deprefs'd at C and D to M and 
K, and elevated from L and I to A and B; and the 
Elevation A L or BI is double the Depreſſion C M or 
DK. That if S be the Sun, then AP - OKS AL 
＋K D 25 Inches; or 111 Feet, if S be the Moon. 
That at the Points E, F, G, H, (which are call'd the 
OAunts) the Water is neither elevated nor depreſs'd. 
That if any other Body be placed at O (as the Moon) 
in the ſame Right-line TS; then by the joint Influence 
of both S and O, the Elevation at A and B will be in- 
creaſed, and the Depreſſion at C and D likewiſe. Laſt- 
ly, if S be in the Situation 8, or vertical to the Point 
D, 'tis plain its Action to raiſe the Water D will be 
directly contrary to that of the Moon in depreſſing it 
there; wherefore the Depreſſion will not be ſo great as 
before; for the fame Reaſon the Elevation at A and 
B will be diminiſhed, being now only as the Difference 
Fo the two Forces, whereas before they were as the 
um. c | 

zo. We ſhall now conſider the Phznomena of the 
Tides which remain; and firſt, it is evident, that if 
PN be the Axis of the Earth, and Q O the Diameter 
of the Equator. then tke Moon ſituated at O, over one 
of the Poles, would accumulate the Water over each 
Pole, and the Spheroid would be ſo poſited as to have 
its longeſt Axis A B coinciding with the Axis of the 
Earth P N. In this Poſition of the Spheroid, tis plain, 
there could be no ſuch Thing as a Tide in any Part of 
the Ocean over a!) the Earth, for every Section of the 
| Spheroid, 
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Spheroid, parallel to the Equator, would be a Circle; 
conſequently in any Parallel of Latitude, the Water 
would be at an equal Diſtance from the Earth's Sur- 
face every Moment of the diurnal Revolution, or na- 
tural Day. (1 17 

31. Suppoſe the Moon were removed from the Di. 
rection of the Earth's Axis, and poſited at 8, then will 
the Axis of the aqueous Spheroid A B be turned to- 
wards 8, and make an Angle with the Earth's Axis, az 
ATPorBTN. Then we obſerve, that ſince C, D, 
are the Places of loweſt Water, that Parallel I K which 
paſſeth through the Point I on one Side the Equator, 
and L M which paſſes through M on the other, wil 
divide the Earth into three Zones, in two of which, 
viz, EN K and LPM, there will be but one Ti 
tach Day, of the ſame Kind; for inſtance, in the Pa. 
rallel E F, a Perſon at F will have high Water, and at 


E low Water 12 Hours after. Again, in all the Zone 


IK ML, there will be two Tides of the ſame Kind 
each Day, as is evident from the Figure, Theſe 
Limits, or the Arch QI or OM is the Complement of 
the Moon's Declination from the Equator, 

32. If the Moon at 8 be over the Equator, the 
longer Axis of the Spheroid A B will now coincide 
with, the Plane of the Equator Q O, and the ſhorter 


Axis CD with the Axis of the Earth NP. Here tis 


obvious, that in this Situation of the Spheroid, the 
Waters in the Parts A, B, with reſpect to thoſe at CD, 
will give the greateſt Difference of high and low Water 
poſſible to all Parts of the Earth; and that there is no 
Place but thoſe two at the Poles N, P, but what has 
two Tides of Flood, and two of Ebb every 24 Hours. 
And this Difference of the Flux and Reflux will de- 
creaſe from the Equatar to the Poles. 

33- I have already obſerved that the greateſt Eleva- 
tion of the Waters is not when the Luminary is in the 
"Meridian, but . about three Hours after, becauſe the 
Motion communicated to the Waters during the At- 
rival to the Meridian is not immediately deſtroyed, but 


remains ſome Time, and receives a farther Augmenta- 


tion from that which is impreſs'd for about three Hours 


after. Fer the ſam? Reaſon, we obſerve, the genes 
| | al 
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| and leaſt Tides happen not on the Day of the Syzygy, 


or Quadrature, but on the 3d or 4th after ; the Sum or 
Difference of the Forces of the Luminaries not being 
till then at a Maximum. ; 

34. Let S FEG be the Orbit of the Moon about 


the Earth QN OP, which as it is not circular but Plate 
elliptical, the Centre of the Earth T will not be al- XXVI. 
ways at an equal Diſtance from the Moon; but the Fig. 5. 


Moon will be ſometimes neareſt the Earth, as when at 
8, and ſometimes fartheſt off, as at E. The Point 8 
is called the Perigæum, or Perigee; and the Point E the 
Apegæum, or Apogee. The Power of the Moon in her 
Perigee is to that in the Apogee nearly as T Es to 
T S5; and conſequently the greateſt Tides will be on 
the Day of the Perigee, or rather a few Days after, 
for the Reaſons above-mention'd. „ 

35. This is very nearly agreeable to Experience. 
For in the Year 1713, February 26, the Elevation of the 
Water at Briſtol was 22 Feet 5 Inches; and on March 
13th, it was 18 Feet 2 Inches: The Moon, in the 
firſt Caſe, was in her *Perigee, and diſtant from the 
Earth 953 Parts, of which the Mean-Diſtance con- 
tains 1000. In the latter Caſe ſhe was in her Apogee, 
and her Diſtance was 1032. Now 10323: 9533 :: 
22: Feet: 17 Feet 8 Inches, which is but 6 Inche 
leſs than the Altitude obſerved. - All other Circum- 
ſtances were equal in both Caſes. | _ 

36. In like Manner, ſince the Earth moves about 
the Sun, in an Orbit in ſome ſmall Degree elliptical, 
the Sun will he at one Time neareſt to the Earth (and 
that is call'd the Perihelion) and at another Time far- 
theft diſtant ſrom it, (which is then-call'd the Aphelion ). 
Now when the Earth is in her Peribel on, ¶ December) 
or a few Days after, the Foree of the Sun to move the 
Waters, will be greater than when in her Apheizon (in 
June), Thus it was obſerved in the Year 1712, De- 
cember 28, the Water aſcended 19 Feet 2 Inches, and 
on re 19 (of the preceding Year) it aſcended but to 
the Height of 18 Feet 4 Inches: The Diſtance of the 
Moon, Sc. being the ſame in each Caſe, which will 
be found nearly to anſwer to the Ratio of the Cubes of 

| | the 
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the Diſtances inverſely, or of the apparent Diameter 
of the Sun directly. JCCFTTVVVT OF THETS 

35. For ſince the apparent Diameter A B of any Bo- 
dy decreaſes with the Angle AC B under which it is 
ſeen, ſo that at C and D it will be as the Angles A CB 
and ADB; and theſe Angles decreaſe as their Radii 
(or the Diſtances CF, DF, increaſe ; it follows that 
the apparent Diameter AB is every where inverſely az 


the Diſtance, that is, at C or D we have AB as & 


or CER Whence if the apparent Diameter of the Sun 
be = D, and TS the Diſtance of the Sun, then ſince 


== > and the Sun's Force (F) to move the Sea as 


| 285 (as ſhewn in Art. 9.) therefore F —_ = =D"; 


that is, the Force of the Luminary to move the Sea is di- 


Fig. 7. 


rectly as the Cube of the apparent Diameter thereof. 

38. As the Force of the Moon to move the Waters 
is at a Medium about 5 times greater than that of the 
Sun, which is the 55555335 Part of Gravity; that of 
the Moon will be the ier Part of e! and 
therefore by far too ſmall to be ſenſible in the Motion 
of Pendulums, or any Kind of Static or Hydroſtatic 
Experiments. In the Motion of the Waters of the Sea 
only can it produce any ſenſible Effect. . 

39. 'To eſtimate the Elevation of Waters which the 
Earth will produce in the Moon; let us ſuppoſe the 
Quantity of Matter (Q) in the Earth to be to that 


in the Moon (9) as 40 to 1, that i, Q:q : 40:1, 


and Jet us firſt ſuppoſe the Earth and Moon of equal 
Bulk, and repreſented by AI K and B D E, and the 
Force (F) of the Earth, at the Surface of the Moon B. 
will be to the Force (f) of the Moon at the Surface 
of the Earth A, directly as the Maſſes of Matter in 


each (becauſe of the equal Diſtances T B and L A), 


that is, F: f:: Q: : 40: 1. Again, let L B be to 


LC as the Diameter of the Earth to that of the Moon, 


which is as 365 to 100, then will the Force at B be to 
the Force at C as LB to L C, which let be as F to /, 


then 


HyDprxaULICs. 
then F: Fe. 365 : 100, whence F = 3222 „ and a- 


bove we have F = 40 f, therefore 4000 f = 365 f ; and 


w_ f :: 365 : 4000 :: I : 11 nearly; that is, the 
Power of. the Earth to raiſe the Walter at the Moon C, is 
1% that of the Moon at the Earth A as 11 to 1, very 


nearly. 


40. If then the Moon can raiſe the Water here 10 


705 the Earth can raiſe the Water there to the Height 


of 110 Feet; but becauſe the Moon always turns about 


ber Axis in the ſame Time as ſhe revolves about the 
Earth, and by this Means ſhews always the ſame Face 


to the Earth, the Waters (if any there be) will be 


raiſed on this and the oppoſite Side, and always conti- 


nue over the ſame Part of the Moon's Surface, ſo that 


there can be no different Heights of Water there, and 
conſequently no Tides, except what ſmall ones may 
happen on Account of the Sun's Attraction, and her 


various Inequalities of Motion, and Diſtance from the 


Earth. 


41. The Air, which is 860 times lighter than Water, 


muſt yield in Proportion more eaſily to the attracting 


Force of the Sun and Moon ; and therefore the Tides 


will in this profound and vaſt Aerial Ocean be very con- 
ſiderable and importing. But of this the Reader may 
expect a. further Account when we come to treat di- 
"_ of the Rn, in the next Lecture. 


LECTURE 


111 


112 


P N EU M AT IC $ 


E. N D v6 


Of PNEUMATICS, or Defrine of the An, 


or ATMOSPHERE, i general. Of Artifi. 
cal or F actitious A ; he at Quan- 
tity thereof i in Natural Bodies ; various 
Experiments relating thereto. Of the 
Weight of the Arx; of the Nature of ; the 


BARQMETER for efiimating the fame 3 an 
Account of the ſeveral Kinds, viz. the Peg 


pendicular, Diagonal, Horizontal, el 


dent, Wheel, and Water BAROMET RRS. 


The be Way of making the Common Ba- 
rometer.. The. Nature and Uſe. iof the 
- | Nontus, applied thereto, expluin d. The 


Ufe of the Barometer in meaſuring. the 
Heights of Mountains, &c. The SerING 
or ELASTICITY of the Air accounted far, 
end explain'd. The Nature of the Skà- 
Ga explain d. The ALTITUDE of the 
ATMOSPHERE determind. The Art of 
SAILING in the Alx proved impbſſible. 
The ABSOLUTE WIGHT of the Air di- 
termin d by Experiment. Its variable Preſ- 
ſure on HUMAN Bopits; the Quantity 


Heregf computed. An Account of fft J 
Experi- 


PNEUMATICS 
Experiments of the Alx-Puu relati ng 70 


the Weight, Spring, and other Properti es 
of the Air. A particular Deſcription of 


Invention. The DrvinG-BELL explain d. 
The Nature and Uſe of THERMOMETERS 
explain d. The Newtonian STANDARD 
THERMOMETER. Farenheit's new Mer- 
curial Thermometer explain d. HyGRo- 


Common A1R-GUN explain d. The Mac a- 
2INE A UN particularly deſcribed. 


H A T Part of Natural Philo l 
which treats of the Nature, Pro- 


SPHERE, or Body of Air encompaſſing the 
Earth, is called PNEUMATICS, from 
the Greek Word for Wind or Breath. 


Fluids in three Particulars, viz. (I.) In 
that it 1s compreſſible, which Property no 
other Fluid has. (2.) It cannot be con- 
zeal d, or any how fixed, as all other Fluids 
may. (3.) It is of a different Denſity in 


Surface upwards; whereas other Fluids are 
of an uniform Denſity 1 The 


the Air Pump; an Air-Pump of 4 new 


METERS of ſeveral Sorts euplain d. The 


per ties and Effetts of the ATMo- 


Tux Air is generally eſteemed a Fluid, 
but yet differs from the general Nature of 


every Part, decreaſing from the Earth's 


Vor. 27 "Þ - | Air 
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Air is therefore a Fluid ſui generis, if it be 
properly any Fluid at all (LXXXV.) - 
Tur the Air was created at firſt with | 

the Earth itſelf, is not to be doubted; and 

that ever ſince there has been a ae, 

Generation of Particles of Air by the mu- 

tual Action of Bodies upon each other, as 

in Fermentations, and all Kinds of natural 

and artificial Chemiſtry, Sir Iſaac Newton 1 

thinks very reaſonable to ſuppoſe; and 
Mr. Boyle has given numerous ExperimentzY 

relating. to the Production of artificial or 


e Air (LXXXVI). FE [) 


(LXXXV.) What is pere ſaid of the incongeala 
Quality of the Air, relates to the Impoſſibility of chang- i 
ing it from a Fluid to a Fixed State by Cold, as Water 
is congeal'd or converted into Ice; and mated Metals 7 
are brought to their fixed State: And in this particular 
limited Senſe, the Air is incongealable, or uncapable "of 
Fixation. But yet it is not abſolutely ſo; for we fin. 
by various Experiments, that Air has a fixed State in 
the Compoſition of natural Bodies, from which, when 
ſet at Liberty, it becomes a fluid elaftic Air, like the 1 
common Air; and this again, from a Fluid, may be 
reduced to a fixed State in Compoſition with other Mat? 
ter, though not per /e; for we know, as yet, of no 
fixed Body conſiſting entirely of Air. 'Y 
(LXXXVI.) 1. Since Air is abſolutely neceſſar * b 
the Life of Man, and moſt Animals, yea, and Vege. 
tables too, it was neceſſary at the firſt Formation df 
the Earth to render it a Habitation for Animals, and a 
proper Matrix for the Production of Plants. Now ſing 
there is a conſtant Generation of Air from all terreftrial'Y 
Subſtances (as we ſhall ſhew by and by) it follows 
| that the original * muſt be aways increaſing 
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PNEUMATICS. 
THAT the Air is a heavy or ponderous 
Body, muſt follow from the Nature of the 


in Quantity and Bulk, unleſs we ſuppoſe all that is ge- 
nerated is again abſorb'd or refixed in the Subſtance of 
Bodies. And this alternate Tranſmutation of the State 
of Air is extremely manifeſt from numberleſs Experi- 
ments which have been made by Mr. Boyle, and Dr. 
Hales, of which I ſhall here give an Account of ſome 
of the principal of both Kinds, as follows. En 

2. The Production of artificial or factitious Air is 
cauſed either (1.) by flow Degrees from Putrefactions 
and Fermentations of all Kinds; or ( 2.) more expedi- 
| many Ft, by ſome Sorts of chymical Diſſolutions of Bo- 

dies; or (3.) and laſtly, almoſt inſtantaneouſly by the 
Exploſion of Gunpowder, and the Mixture of ſome | 
Kinds of Bodies. Thus, if Paſte or Dough with Lea- 
ven he placed in an exMauſted Receiver, it will, after 
ſome} Time, by Fermentation; produce a conſiderable 
Quantity of Air, which will appear very plainly by the 
Sinkipg the Funn n the Gage. Thus alſo any 
Animal or 75 oe putrifying = Fa "_ 
will toduce 1 ſame ff 

3. Gunpowder, fired iin op "Wi inſtantly ooniifates 3 a 
large 2 uantity of Air in the Receiver. which auſes the 
Quick ver to ſubſide. And in the rdackebit Expe- 
riment of Dr. Slave, half a Drachm of Oil of Car- 
raway-Seed, poured upon a Drachm of the Compound 
Spirit of Nitre, produced ſuch a prodigious Quantity of 
Air, þ inſtantly blew up the Receiver, which was fix 
Inche; in Diameter, and eight Inches deep. The Preſ- | 
ſure, therefore, of the Atmoſphere on the exhauſted i 
Recek ver, which it overcame, | was above 40000. rec - 
koning 15 4. to a ſquare Inch. | 

4. But Dr. Hales, in his Vegetable Shatice, has greatly 
_excelſgd in his Experiments of this Kind, and in th | 
Methþds of making them: One of which was by Diſ- 
tillatizn, the other by Fermentation. That by Diſtilla- 
tion is as follows: the Matter to be, diſtill'd is put into 
the Retort oa and then at. à is cemented very faft the | 


— —- Matter 


#770 od 
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Matter of which it doth conſiſt ;; and ſince 


thoſe Particles ariſe from Bodies of every 


Glaſs Veſſel a b, which was very capacious atb, and 
had an Aperture c d, or Hole at the Bottom. The 
Bolt-Head ab being thus immerſed in Water, with 
one Leg of an inverted Syphon put up as far as z, the 
Water would riſe in the Bolt-head, and drive out the 
Air through the Syphon, which being taken out, the 
Water will remain in the Veſſel to the Part z; at the 
ſame Time, while the Bolt head is under Water, it is 


placed in the Veſlel x x, which with the Bolt-head and 


Retort is carried to the Chymical Furnace, where che 
Retort has the Heat and Fire gradually communicated 
to it, and the Bolt-head ab, and Veſſel x x well ſcreen d 
from the Heat of the Fire. | | 


5. As the Matter diſtill'd, all except the Air, wou F | 


go down into the Water of the Bölt- head and Veſſel ; 
the Air that was generated or deſtroyed by the Proceſs 
would be ſhewn by cauſing the Surſace of the Water 


in the Bolt-head- to ſtand below or above the Point z, 


as at y, when all was ſet aſide till it became quite cold, 
Thus if the Body diſtilling generates Air of an elaſtic 
Quality, that added to the former will not permit the 
Water y to riſe ſo high as z, and the Space between 2 
and y below will ſhew how much Air was produced 
from its fixed State. : 


t of ther Wa. 


ter y be ſeen above the Point z, it then ſhews that the 
diſtill'd Body did deſtroy, that is, imbibe or abſorb, a 
Part of the natural Air above z; and the Space between 
z and y, fill'd with Water, vill ſhew what Quantity 
was changed from a repellent elaſtic to.a fixed State, by 
the ſtrong Attraction of the abſorbing Particles of the 
diſtill'd Body. This Quantity of generated or abſorbed 
Air it is eaſy to meature in Cubic Inches, by ſtopping 
the End of the Bolt-head with a Cork, and then from 
a. Quantity of Water of a known Weight to fill it firſt 
to z, and afterwards toy; and the Difference of Weight 
in the two Bulks of Water gives the Number of Cubic 
Kind 


3. 
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Glaſs ay, and inclining both almoſt ES 1PI 
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the conſtituent Parts of Air are of a moſt 


Inches from a Table of ſpecific Gravities, in the Man- 
ner we have formerly ſhewn. 5 

7. The other Method which the Doctor made uſe of 
for eſtimating the ſurprizing Effects of Fermentation 
ariſing from various Mixtures of ſolid and fluid Sub- 
ſtances, in generating and abſorbing Air, was as fol- 
lows: He put the Ingredients into the Bolt-head b, and 
then run the long Neck thereof into a tall cylindric 


large Veſſel of Water, the Water ran into the 
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Kind in or upon the Earth, tis evident 


ay, and driving out Fart of the Air would poſſeſs its XXVII. 


Place upon turning them up and placing both in a Veſſel 
of Water x x, as you ſee in the Figure, where the Sur- 
face of the Water ſtands in the inverted Glaſs a y at 
the Point z, 8 | 

8. If the Ingredients generated Air, then the Water 


would fall from z to y, and the empty Space z y was 


equal to the Quantity of generated Air; but if on Fer- 
mentation they abſorbed cr fix d the active Particles of 
Air, then the Surface of the Water would aſcend from 
2 to n; and the Cylinder z » would be the Bulk of Air 
abſorb'd, which is eaſily known in Cubic Inches. 

9. When the Subjects for trying theſe Experiments 
were a burning Candle, burning Brimſtone, Nitre, Gun- 
powder fired, living Animals, Sc. the Doctor uſed to 
make uſe of a Pedeſtal, on the Top of which was a 
Plate whereon he laid the Matter to be fired; then in- 
verting the tall cylindric Glaſs over it, and drawing the 
Water up to zz with an inverted Syphon, he ſet fire to 
the Matters lying on the{Flate by{means of a Burning- 
Glaſs concentering the Sun's Rays in its Focus upon the 
ſame, See the Figure. | 


Fig. 2- 


Fig. 3, 


10. But the Way that I make uſe of, and which is f 


the moſt eaſy and expeditious poſſible, is inſtead of hav- 


ing the cylindric Glaſs cloſe upon the Top at bb, to 
have it open by a ſmall Neck, on which a braſs Cap is 
cemented with a F emale-Screw to receive 4 Stop-Cock, 


"ms: hetero 
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beterogenebus Nature, and infinitely various 
in their ſpecific Gravities: Whence alſo it 


to take off the Communication of the external Air 


when Occaſion requires. Thus the Uſe and Trouble 


of the Syphon is ſuperſeded ; and in caſe of noxious 


Fumes, Vapours, &c. from 4 ua fortis, burning Brim- 


ſtone, &c. a Syiinge ſcrew'd on to the Stop-Cock will 


draw off the Air, and raiſe the Water to what Height 


you pleaſe, without the cumberſome Uſe of a largy Pair 


of Bellows, as the Doctor made uſe of. 
11. I ſhall here ſubjoin the Quantity of Air which 
various Subſtances produce by Dilation, which I have 


collected from the Doctor's n and reduced 


to Cubic Inches. 
ACubie Inch of Hog's Blood 33 
Tallow —— — 235 
Deer's Horn — 234 
 Oyſter-Shell — —— 324 
Heart-Oak -— — 21 
Peaſe — 306 


r 0 


Oil of Anniſeed — 22 


Oil of Cloves — 838 
Honey —— — 144 
Yellow Bees Wax —?— 54 
Coarſeſt Sugar ———— 126 
Newcaſtle Coal — | 
Freſh Earth — — 43 
ADUMORY: //. boon. wo 28 
„  Pyntes — 83 
Sea- Salt mixed with Bone-Calx 64 
Nitre, with ditt — 180 
Sal T artar ditto — 224 
beni ſb Tartar — 504 
Calculus humanus — 645 
Stone in the Gall-Bladder 648 


12. Theſe are the principal Experiments. by Diſtil- 
lation. Others were made by Fermentation in various 


will. 
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will follow, that as the Matter which com- 
poſes the Body of Arr, or r Atmoſphere, is 


Mixtures, ſome of which 3 Air, others ab- 
ſorb'd it, and ſome did neither generate nor abſorb Air. 
The principal Subjects, which of themſelves abſorb Air, 
are the Fumes of burning Brimſtone or Matches, the 
Flame and Fumes of a burning Candle, the Breath of 

living and expiring Animals, as Rats, Mice, &. 
13. Thus the Doctor found that Linen Matches 
dipped | in melted Brimſtone, and fired under a Glaſs in 
a Quantity of 594 Cubic Inches, abſorb'd 150, which 
was full one Fourth of the Whole. A Candle burning 
till it went out, its fumes afterwards conſumed 17 Part 
of the whole Quantity of Air, which was 594 Cubic 
Inches. A ba es Rat expired in the confined Air 
in ten Hours, and abſorb'd 4 12 Cubic Inches of Air, 
which was 1 Part of the who 
14. From what has been ſaid = ſee with how much 
Reaſon Sir /ſaac Newton philoſophized on this Subject in 
the following Words. True permanent Air ariſes 
e by Fermentation or Heat from thoſe Bodies the Chy- 
„ miſts call fixed, whoſe Particles adhere by a ſtrong 
Attraction, and are not therefore ſeparated and rari- 
00 * hed without Fermentation ; thoſe Particles recedin 
from one another with the greateſt repulſive Force, 
and being moſt difficultly brought together, which 
“ upon Contact were molt ſtrongly united.” And 
again: Nenſe Bodies, by Fermentation, rarify into 


< ſeveral Sorts of Air; and this Air by Fermenta- 


( tion, and ſometimes without it, returns into denſe 
Bodies.“ See his Optics, Query 30, 31. 
15. Now ſince Air is a heavy Body, a. Cubic Inch 
whereof weighs very near 3 of a Grain, it follows, that 
Air in its fixed State in Bodies makes a Part of their 


Subſtance, and in ſome of them wi ve rent Part too, as 
is known from the Quantity eight of the Air 


diſcharged upon the Hay BY Lon « ies. This has 
eſcaped the Obſervatiqn of Chymiſts, ho have hitherto 
taught that all Bodies, were ultimately: reſolyeable into 


I 4 always 
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always variable, ſo will its Weight or Gra- 
vity be hkewiſe ; as we conſtantly experi- 


U MAS. 


what they call Four Elements only, viz. Water, Oil, 
Salt, and Earth. But by the following Table it will” 


appear, that Air is an Element of Natural Bodies in as 
proper a Senſe as any of the other. | 

16. In the firſt Column of this Table you have the 
Bulk of the Body in Cubic Inches and Parts; in the 
ſecond, the Number of Cubic Inches of generated Air; 
in the third is the Weight of the Body in Grains; in 


the fourth is the Weight of the generated Air; and the 


fifth ſhews what Part of the Whole the Air makes. 
C. Inch. C. Inch. Gr:. Grs. Prop. 


. Deer's Horn, 4 T OS 23 ow. ; 


T 
Oyſter-Shell, 2 — 162 — 266 — 46 — 
Indian Wheat, — 270 — 388 — 77 — * 
r 1 — 396 — 316 — 113 — 
Muſtard- Seed, — 270 7 — 77 + 
Amber, 2 — 135 — 135 — 38 — 
Dry Tobacco, ES — 153 —. 142 8 44 — 1 
„ na 1 16 —— 4 —3 
Yellow Wax, 1— 34 — 243 — 15 - 
Coarſe Sugar, 1 — 126 — 373 — 36 — 5 
Newcaſtle Caal, 4 — 180 — 158 — 51 — 1 
5 „ mr - 6 
Rheniſo Tartar, 1 — 504 — 443 — 144 —- 


Calculus humanus, 1 — 516 — 230 — 147 — 
17. Thus we ſee that different Bodies contain diffe- 


rent Quantities of fixed Air, ſrom a Sixteenth to a Half 


pf the whole Subſtance. From hence we may be fully 


ſatisfied of the Truth of Sir Iſaac Newton's Reaſoning 
in the 31ſt Query of his Optics, in theſe Words: The 


* Particles, when they are ſhaken off from Bodies by 


Heat or Fermentation, ſo ſoon as they are beyond 


+* the Reach of the Attraction of the Body, recede from 
a | ence 


PNBUMATICS:2 
ence by the BARoMETER, of various Kinds 
and Structure. (LXXXVII). 


« jt, and alſo from one another, with great Strength, 
% and keep at a Diſtance, ſo as ſometimes: to take up 
« above a Million of Times more Space than they did 
« before in the Form of a denſe Body: Which vaſt 
« Contraction and Expanſion ſeems unintelligible by 
« feigning the Particles of Air to be ſpringy and ra- 
« mous, or roll'd up like Hoops, or by any other 
« Means than by a repulſive Power.“ * 
18. That the Particles of Air cannot be thus coil'd 
up and detain'd in their elaſtic State in the Subſtance of 
Bodies, is eaſy to be ſhewn from Calculation. Thus, 
for Inſtance, one Cubic Inch of Oak yields 216 Cubic 
Inches of Air: Now ſuppoſe the Preſſure of the At- 
moſphere be on every Square Inch about 15 1b. (as 
we ſhall ſhew) then in order to compreſs 216 Cubic 
Inches into one Cubic Inch, the Weight of 216 Times 
15 Ib. or 3240 lb. which would be the Force to confine 
it on each Side the Cube, which, as it has ſix Sides, 
will require 6 X 3240 = 19440 /b. or near twenty thou- 
ſand Weight, to confine this Air in its elaflic State in 
one Cubic Inch, ſuppoling it to be all Air; but, as it 
is not, the Force will be greater ſtill. This Force 
therefore of 19440 /b. muſt be exerted in every Cubic 
Inch of the Oaken Free, which would rend it in pieces 
with a vaſt Exploſion. It is therefore not to be doubted 
but Air in Bodies does exiſt in a fixed and unelaſtic 
State; and that it is rouſed, and put into an active re- 
pellent State, by means of Fire and Fermentation. 
19. They who would ſee the numberleſs Uſes that 
may be made of this important Doctrine of artificial 
Air, and the ſurprizing Scenes of Knowledge which it 
Jays open in the moſt abſtruſe and difficult Parts of 
Phyſics, may conſult all the latter Part of the-invaluable 
Book above mentioned, viz. Dr. Hale's Vegetable and 
Chymico-Statical Experiments, ſome of which we ſhall 
take notice of alſo in the Sequel of theſe Notes. 
__ (EXXXVII.) . The Weight of the Air is manifeſt 
from Reaſon and various Experiments. The Particles 
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can be, and then han 


n 
SINCE the Particles of Air are ſuch as 


being ſeparated from Bodies beyond the 


are affected by the Power of the Earth's AttraQtion, and 
muſt therefore all gravitate or tend towards its Centre, 


which is what conſtitutes Weight in them, and all 


other Bodies. The Experiments to ſhew the Weight 
of the Ait are numerous which we ſhew on the Air- 
Pump, among which one is abſolute and very exact, by 
weighing it in. a Balance, in the ſame manner as al! 


other heavy Bodies are weigh'd. 


2. The Method I take for this is, I believe, the moſt 
exact and nice that can poſſibly be thought of. For 
fince (as we have ſhewn) the Friction of the Balance is 


in Proportion to the Weight with which it is charged, 
the leſs the Weight is the leſs will be the Friction, and 


conſequently the more nice and exquiſite will be the 


Experiment. In order to this I take a very thin large 


Florence Flaſk, whoſe Capacity is exactly known in 
Cubic Inches: This I exhauſt of all the Air as near as 
it to the end of a very fine and 
exact Hydroſtatic Balance, which I counter-balance by 
1 in a Scale hanging from the other End. 


When the Equilibrium is nicely obtain'd, J lift up the 


Valve, and let the Air ruſh into the Flaſk, which is 


ſenſibly heard, and ſeen to gravitate in the Glaſs, by 
cauſing it gradually to deſcend till it be fill'd with Ait, 
and will then preponderate greatly. Then to reſtore 
the Equilibrium, I find by Experience 'tis neceſſary to 
add about 8 Grains for every Pint the Flaſk contains; 
which ſhews that a Gallon of Air weighs about a Dram, 
and a Buſhel an Ounce Trey; and becauſe one Pint = 
28 Cubic Inches nearly, therefore one Cubic Inch of 
Air weighs ; = 5 of a Grain, at a Mean, 
3. As the Air is a heterogeneous Fluid, it will vary 
in its Weight according to its different component 
Parts, and alſo according to its different Altitudes, which 
it muſt have as an elaſtic and fluctuating Fluid. Since 
few Bodies are lighter than Water, and that Water 
is moſt eaſily rarified into Vapour, it follows, that the 
Atmoſphere fill d with aqueous Particles will be lighteſt, 
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sphere of corpuſcular Attraction, are 


ſtrongly repelld from thoſe Bodies; this Re- 


2s we generally find it is in moiſt rainy Weather; and 


alſo that it muſt oftener be in this light than in a hea- 


vier State: And that Inſtrument which ſhews the Vari- 


ation of the Air's Gravity, or its different Weight at 


different Times, is call'd a BaRomETER, of which 


there are various Kinds, which are here deſcribed ; but 


[ ſhall firſt give an Account of the moſt ſimple Struc- 


ture or Form of thoſe Inſtruments, which is as follows. 


A Glaſs Tube, hermetically ſeal'd at one End, is ta 


be fill'd with Quickſilver, well defecated and purged of 


its Air: The Finger being then placed on the open End 


in immediate Contact with the Mercury, fo as not the 
leaſt Particle of Air is admitted, the Tube is inverted, . 


and carefully immerſed with the Finger on the open 


Fnd in a Baſon of the ſame prepared Mercury ; then 


upon removing the Finger, the Mercury in the Baſon 
will join that in the Tube; and the ſaid Column of 


Mercury in the Tube will be ſeen immediately to ſub- 


ide, or fink down to a certain Pitch or Altitude, if the 


Tube be above 31 Inches long, as it hy to be. 
4. Let AB be ſuch a Tube of 34 Inches Length, 


Plate 


and of an Inch in Diameter, (as it ought to be for XXVII. 


this Purpoſe) hermetically ſeal'd at A, and open at B; 
let CD be the Baſon of Mercury, in which the Tube 
is immerſed inverted, the Surface of the Mercury in 
the Baſon EF, and in the Tube G H. Now, tis eaſy 
to underſtand, that if all this could be perform'd in 


Fig. 4+ 


Vacur, as ſoon as the Tube was inverted, all the Mer- 


cury would deſcend into the Baſon, becauſe as a heav 
Body it muſt tend towards the Centre of the Earth, 


till it meets with fome Obſtacle, as the Baſon, to ob- 


ſtruct its Motion, and ſupport it. I ſay, all this would 


happen in Vacuo, unleſs we can ſuppoſe any Power in 


the Tube ſufficient to ſuſtain the Column of Mercury; 
now there can be no ſuch Power but that of Cobeſion, 
which indeed, in Tubes of a ſmall Bore, has been 
found able to ſuſtain it; but in ſo large a Bore, as we 


pellency 


SESLVWATTTS: 
peliency being mutual between the Par- 
ticles, they do by this means conſtantly 


ſuppoſe this Tube to have, that Power is by far too 
ſmall to ſupport ſo heavy a Column, which muſt there- 
fore of Courſe ſink into the Baſon; and ſo ſtand upon 
the ſame Level in the Baſon; and in the Tube. 
5. But fince the Mercury does not totally ſubſide 
when this Experiment is made in the Air, the Column 
which remains in the Tube muſt owe its Suſpenſion to 
the Air as its Cauſe, fince nothing within nor without 
the Tube can be ſuppoſed (with any Shew of Reaſon) 
to produce ſuch an Effet, beſides itſelf. Now allow- 
ing the Air to be a gravitating Fluid, it muſt neceſſarily 
cauſe ſuch an Effect, as the Suſpenſion of Mercury in 
the Tube; for by its Gravity a Force of Preſſure muſt 
be produced on all the Surface of Mercury in the Baſon, 
which is contiguous to it, and on every Part equally. 
Now fince the Mercury in the Baſon is in Equilibrio 
with that in the Tube, it is plain the Weight of the 
Mercury in the Tube, and the Weight of the Air upon 
_—_ circular Area of the Surface of the Mercury in 
the Baſon, equal to the Orifice of the Tube, mult be 
equal, for elle they could not balance each other, as 
we find they do; the Column of Mercury therefore is 
ſuſtain'd by the Counter-Preſſure of a Column of Air 
of the ſame Baſe, and whoſe Altitude is equal to that 
of the Atmoſphere. 5 
6. That the Weight of the Columns of Air and 
Mercury, we have now been ſpeaking of, are preciſely 


equal to each other, will be farther evident, if we con- 


ſider, that upon Suppoſition the Quickſilver were tho- 
roughly purg d from Air, when it ſubſides in the Tube, 
it muſt leave a Vacuum in all that Part of the Tube above 
it, and ſo there is nothing to act upon its upper Surſace 
to depreſs it; it will therefore always fink or riſe to ſuch 
an Altitude, as the various Gravity of the Air requires, 
and of which it is therefore an adequate Expreſſion or 
Meaſure, as its Nature imports. "This Invention was 


owing to that happy Italian Genius Torricelli, a Diſciple | 


repel 


Pn M.A.T.L1 C4. 
repel each other, and therefore they muſt 
obſerve an equal Diſtance among them- 


of the famous Galileo. And hence it is very often call'd 
the Torricellian Tube, and the Torricellian Experiment, 
&c. | 

7. Since, as we have ſhewn, this ſuſpended Column 
of Mercury exactly indicates the Gravity of the Air at 
al Times, it has employ'd the Attention of all Man- 
kind, who very ſenſibly find themſelves affected with 
the different State of the Air ; but more eſpecially has 
it merited the Conſideration of Philoſophers, who have 
taken all Opportunities to explore, by this Means, the 
two extremes of the Air's Gravity, vz. when it is leaſt 
and greateſt of all, by obſerving the leaſt and greateſt 
Altitude of this mercurial Column, which by Tong Ex- 
perience we find to be very nearly between 28 and 31 
Inches, it being very rarely leſs or more than thoſe 
Heights; whence 29 ; Inches is fixed upon as the Mean- 
Altitude, ex preſſive of the Mean-Gravity of the Air, 
which therefore let be repreſented by B H, and let the 
greateſt Altitude be BI, and the leaſt BK, then is IK 
call'd the Scale of Variation. 5 

8. Now as there is a Space of 3 Inches in the per- 
pendicular Tube for the Mercury to riſe and fall in, 
and ſince Fluids will always have the fame Altitude in 
a Tube of any Form or Inclination ; Artiſts have con- 
trived Methods to increaſe the Motion of the Mercury, 
by making it move over a larger Space; and thus have 
invented ſeveral different Forms of Barometers, the 
principal whereof I ſhall here deſcribe. That which, 
next to the upright one, is in moſt Eſteem, is called 
: the Dragenal Barometer, and is that in Fig. V. where. 
ABC is a Tube ſeal'd at C, immerſed in Mercury at Plate 
, A; this Tube is perpendicular from A to B, where the XXVII. 
; Scale of Variation begins; from thence it is bent into Fig. 5. 
© BC, making an acute Angle FBC. This Part BC 
proceeds to the higheſt Limit in the Scale of Variation, 


» MW viz IC; and conſequently while he Mercury riſes 
x from K to I in the common Barometer, it wilt move in 
| | 

5 


. ſſelves 
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ſelves. When, therefore, thoſe aerial Par- 
ticles are obliged by any impreſs d Force 


this from B to C (See Annotat. LXIX. 4.) and fo the 
Scale will by this means be inlarged in the Proportion 
of B C to FB S IK, i. e. of the Diagonal to the leaſt 
Side of a Parallelogram. | = 

9. The Fault which this Form is ſubject to is this, 
that as the Quickſilver is a very heavy Body, and ſup- 
ported on the Part B C, like a Body on an [nclined 
Plane, it muſt have a great Degree of Friction, which 
is the more ſo as the Part BC is more oblique, and 
conſequently the very ſmall and nice Variation of the 
Air's Preſſure cannot be ſo well ſhewn in this Form, 
where the Motion is not abſolutely free; and it very 
often happens, from the Inclination of the Part BC, 
that the Quickſilver divides into ſeveral Parts, and fo 
requires the Trouble of filling the Tube anew too fre- 
quently, This Form is the Invention of Sir Samnel 


Moreland, © 


10. Another Form of the Barometer for enlarging 
the Scale of Variation, was contrived by Mr. Caſſini, 
and afterwards compleated by Mr. John Bernouilli. It 
conſiſts of a Tube A CDF, ſeal'd on the upper End A, 
and bent to a Right-Angle at D, whence it has the 
Name of the horizontal rectangular Barometer. The 
Mercury ftands on both Legs from E to B. The Scale 
of Variation from A to C, is here made of a larger 
Part, and then it is evident in moving 3 Inches from A 
to C, it will move through ſo many Times 3 Inches in 


the ſmall Leg DF, as the Bore of D F is leſs than the 


Bore of AC, whence the Motion of the Mercury at 


E muſt be extremely ſenſible, but the Inconvenience 
here too is, that the Ls is very apt to break off 
in the Leg E, as alſo to run out at the End F; beſides 
that, here alſo is a great Degree of Friction, and not 


only that, but the Part DF being of a very ſmall Bore, 


the Attraction of Coheſion will a little impede the free 
Motion of the Mercury therein, | 


to 
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to approach nearer to each other, the re- 
pulſive Power will re- act or reſiſt the ſaid 


11. The next Sort of Barometer that I ſhall de- 
ſcribe, is call'd the PENDENT BAROME TER, becauſe 
being a ſingle Tube only, it is hung up by a String at 
the End A. This Tube is a little tapering or conical 
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the End A being a little leſs than B; it is ſeal'd at A, Plate 


and fill'd with Mercury from A to F = 31 Inches; 
then when the Tube is inverted, the Mercury, if the 
Gravity of the Air be not greateſt, will ſink down in 
the Tube and abide in that Part C D, which will ad- 
mit its Length or Altitude C D to be the ſame with 
that in the Common Barometer. 'Thus by reaſon of 
the conical Bore of the Tube, as the Air grows lighter 
the Mercury will deſcend, till when it is lighteſt of all, 
the Mercury will ftand from the lower Part of the 
Tube B to E, fo that BE = 23 Inches. Conſequently 
the Mercury will, in ſuch a Tube, move from A to E, 
32 Inches, if the Tube be 5 Feet or 60 Inches lopg, 
and fo the Scale AE is here above 10 Times greater 
than in the Common Barometer. The Fault of this 


Barometer is, that the Tube being of a very ſmall 


Bore, the Attraction of Coheſion will be very conſider- 
able, and prove an Impediment to that Freedom of 


XXVII. 
Fig. 7. 


Motion as is neceſſary to ſhew a very ſmall Variation 


of the Air's Weight; for which Reaſon, when you 
ſhake the Tube a little, the Mercury will not ſettle 
again where it was, or have the ſame Altitude as be- 
fore; beſides, that by its Weight it is very apt to break 
off in the lower Part, and fall out of the Tube. We 


owe this Invention to Mr. Amentons, who firſt publiſhed 


it in A. D. 1695. | 

12. The next Barometer which I ſhall mention is 
call'd the WHEEL BAROMETER, from its Structure, 
which is eaſily underſtood from. the Figure. Where 
ABDG repreſents the Quickſilver in a Glaſs Tube, 
having a Jarge round Head or Ball at Top, and turn'd 
up at Bottom to F; upon the Surface of the Mercur' 
in the recury'd Leg there is placed an Iron Ball G with 


4 | Force 
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Force with an equal Momentum; and tha 
cauſe what we call the RENITENCY, Er as. 


a 8 going over a Pulley © D, and i is ballanced 1. 
another Weight H hanging freely in the Air. As the 
Surface of the Mercury at A B is very large, and that} 
at/G very ſmall, the Motion of the Quickſilver, 1 3 
conſequently of the Ball G, will at Bottom be very 
- - Conſiderable; but as the Weight G moves up 16 
down, it turns the Pulley CD, and that a Hand 
or Index K L, by the Divifions of a large graduate I 
Circle MN OP; by which means the minuteſt Vari- ; 
ations of the Air are plainly ſhewn, if the Inſtrument? 
be ſo very accurately made that the Friction of the ſe- q 
veral Parts be inconſiderable. This is one of the many, 
| curious Inventions of Dr. Hooke. 1 
| 13. Theſe are the principal Contrivances hitherto f 
invented for enlarging the Scale of Variation in ſimple * 
Mercurial Barometers. There are other Inventions of 
compound Barometers, viz. ſuch as are made of Mer» | 
cury and Water, or other Liquors for that Purpoſez * 
but they are ſo difficult to make, fo faulty when made, 
| and ſo troubleſome to uſe, that it is not worth while td 
deſcribe them. However, as the Reader may haye aa 
N Idea of one of the beſt Sort, I ſhall here give him tha 
which owes its Invention to the Reverend Mr. Rowningg 
together with his Demonſtration of its Theory. | b 
14. ABC is a compound Tube ſeal'd at A, | af 2 
open at C, empty n A to D, fill'd with igen 
from thence to B, and from thence to E with Water z : 
let G, B, H, be in an horizontal Line, then it is plain 
from the Nature of the Syphon, that all the compo 
Fluid contain'd in the Part between H and G, m 
ever be in Equilibrio with itſelf be the Wei ght of a Y 
Air what it will, becauſe the Preſſure at H K's G, 'muſt 
always be equal. Whence tis evident, that the Co- 2 
lumn of Mercury DH is in Eguililrio with the Co um 
of Water GE, and a Column of Air of the ſame 
Baſe conjointly, and will therefore vary with the dum 9 
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b of the Variations of each of theſe ; all which muſt no 


416. be ede of the Weight f the Air, zhck 
we will call V, is meaſured by the Space 3 the 
Mercufy moves in the common Barometer in a give 
Time. Let x be the Space which the Water at E 
moves through in the fame Time, and let the Diameteg 
of the Tube A F bet to yu of the Tu IG 14 


a 10 5y . nnn * H will voy its Weight by 


ae „ e 


Hr But this Pariatim of Weight is equal to both the 


former, and ſince x + 5¹ is an Altitude of Water, if 
we PE m to 1 as the Specific Gravity of gs. * 


* 


. x +5 BY 


Water, we ſhall have : I 11 x 29 5¹ 2— A * 
3 Altitude of ity of the ſame Weight, conſequently, 


3. x +> | 


; which Equation, when reduced, 
V D* m 


3 E . which gives this Analogy 3 
*: Vn m D.: 1 1, ſo is the Scale of 


Variation in this, to that in the common Barometer. 
16. = ang m =14, and D=1; we havex:V . 
14:26 :: 7: 133 which ſhews that when the Tubes 


LA F and FC are of an equal Bore, the Variation in' 
Vor. . | 


this 
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this is leſs than that of the common. Barometer in the 
Ratio of 7 to 13. If 2m —D*—1=o0,or 2m—1 
=D, then D=V 2m—1=5;2; whence it ap- 
pears that when the Diameter of AF is to that of FC 
28 5,2 to 1, the Variation x will be infinite in reſpe& 
of that in the common Barometer. If D = 5, then 
*: V: 175: 1; which ſhews how very large the Scale 
of Variation in this Barometer may be made in Com- 
pariſon of the common one. But I believe ſuch a 
Structure as this will afford more Pleaſure in Specula- 
tion than in Practice; and when all is done, the Baro- 
meter of the common Form, as it is moſt ſimple, ſo it 
will be found the moſt eaſy. and accurate of all others. 

17. Before I conclude this Article, I ſhall juſt men- 
tion the Barometer invented by the Rev. Mr. Ca/wellof 
Oxford. Suppoſe AB CD be a Bucket of Water, in 
which is placed the Baroſcope xr ez yo5 m, which. con- 
fiſts of a hollow Body xn, and Tube e zy o, made 
of Braſs, Tin, Glaſs, &c. The Bottom of the Tube 


zy has a Lead-Weight to fink it, ſo that the Top of 


the Body may juſt ſwim even with the Surface of Wa- 


ter, by the Addition of ſome Grain-Weights. As the 
Inſtrument is put into the Water, with the Mouth down- 


wards, the Water aſcends into the Tube to the Height 


of y 4; there is added on the Top a ſmall concave Cy- 
linder, or Pipe, to ſuſtain the Inſtrument from ſinking 


to the Bottom when the Air becomes heavier;. md 1s 
a Wire, and ms, de, are two Threads, oblique to the 


a Surface of the Water; of theſe I hreads there may be 


ſeveral; and as the Water juſt touches the Top or 


Crowyn of the Inſtrument, when the Altitude of the 


Mercury is leaft in the Common Barometer, ſo as the 
Air increaſes in Weight, the Inſtrument ſinks in. the 


Water, and a ſmall Bubble is formed on the Thread, 


which continually aſcends and deſcends through all the 
Length of the Thread. From a Calculation on the 


Theory, it appears, that this Barometer is above 1200 


imes more exact than the Common Barometer. See 


the whole Calculation in the Profeſſor's own Words 
| in the Phil. Tranſactions. | 


18. Though T have made and tried the Barometer 


above deſcribed, and find it to anſwer the Theory very 


well, 
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well, yet is it not fit for common Uſe, becauſe it can 

only ſhew the extreme minute Variations of the Air's 

Gravity for the preſent Tim-, by reaſon it is affected by 

the Heat as well as Weight of the Air. While the 

Degree of Heat remains the ſame, nothing can exceed 

this Inftrument as a Barometer ; but as the Heat of the 

Air varies, ſo will the Elaſticity of the included Air, 

which therefore will cauſe the Inſtrument to vary its 

Gravity, *while that of the Air remains the ſame, and 

ſo cannot be of conſtant Uſe. 

19. I have already hinted that the Common Baro- 

meter, after all, is the beſt Inſtrument to meaſure the 

Air's Gravity ; which that it may do to the greateſt 
Perfection, the following Things are neceſſary. (1.) 

That the Tube be at leaſt of + of an Inch Bore; 4 of 

an Inch is a good Size. (2.) The Tube ought to be 
new, clean, and dry within when fill'd ; in order to 

this, the Tube ſhould be hermetically ſealed at both 

Ends at the Glaſs-Houſe when made; one End of 

which may be cut off with a File when you intend to 

uſe it. (3.) The Diameter of the Ciſtern that holds 

the Mercury, in which the Tube is immerſed, ſhould 

be as large as conveniently may be, that the Mercury 
therein may have nearly at all times the ſame Altitude ; 
otherwiſe the Index will not be true. (4.) The Mer- 
cury muſt be very pure, and free from any Mixture of 
Tin, Lead, or other Metal. (5.) It ought to be purged 
from Air entirely, as it may be by boiling it, and fill- 
ing the Tube with it while boiling hot nearly. (6.) 
The Tube muſt be heated hot when fill'd, to avoid 
breaking by the boiling Mercury. (7.) It ſhould be 
rubb'd very hard, to excite the Electric Virtue, which s 
will expel the Particles of Air from the Surface within. 
G.) There ought to be a Nonins (as it is call'd) ap- 


" WH plicd to the Index of the graduated Plate, to meaſure 
* WH Pore accurately the Riſe and Fall of the Mercury. 

: 20, This Artifice is of fingular Uſe in this and many 
other Caſes. It bears the Inventor Non:us's Name, and 


its Nature and Manner of applying it is as follows. 
ABis the upper Part of the Barometer, in which the Plate 

Durface of the Mercury is at C. FG is the uſusl XXVII. 
Plate of 3 Inches Extent, from 28 to 31; and D E is i 


K 2 -ohe Fig. 10. 
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the ſmall Plate call'd the Nonius, ſo contrived as to 


lide by the other in ſuch manner that its Index D may 


be always ſet on one Part to the Surface of the Mer- 


cury, and on the other End pointing to the Diviſion 
in the Scale of Inches correſponding thereto. Again, 


the Nonius is divided into 10 equal Parts, which to- 


gether are equal to 11 of the Diviſions of the Scale; 
that is, DE = 11 Tenths of an Inch; and conſe- 
quently each ſmall Diviſion of the Nomus is equal to 
1,1; two of them to 2,2; three of them to 3,3; and 
ſo on. Whence 'tis eaſy to obſerve, that if the Index 
D points between any two Diviſions of the Scale, az 
here between 29,7 and 29,8, we need only look back 


to ſce what Diviſion of the Nonius coincides with a 


Diviſion of the Scale, and that will ſhew how many 


Tenths of a Tenth, that is, how many Tenths beyond 


29,7 in the preſent Cafe : But you obſerve the Noni: 
coincides with a Diviſion of the Scale at the fifth Di- 
viſion z conſequently, the Mercury ſtands at 29,7; 
Inches in the Scale; and ſo you proceed with the 
greateſt Eaſe to the hundredth Part of an-Inch, which 


is a great Degree of Exactneſs. 


21. From what has been ſaid we may eaſily ſee the 
excellent Uſe of the Barometer in meaſuring; the Heights 
of Places, as Mountains, Towers, &c, For ſince (as 
we ſhall ſhew) the ſpecific Gravity of Air (ſuch as is 
near the Earth's Surface) is to that of Mercury as 1 to 


12040, tis plain 12040 Inches of Air in Height will 


balance one Inch Height of Mercury; conſequently, 
1204 Inches, or 100 Feet, anſwers to 25 of an Inch of 


Mercury. Therefore if a good Barometer be carried 


to the Top of a Mountain, or other high Place, the 
Mercury will ſubſide near one 'Tenth of an Inch for 
every 100 Feet of perpendicular Aſcent, and ſo will be 
a proper Index of the whole Height aſcended. 

22. But ſince Mercury is not quite 14 times heavier 


than Water, the Number 12040 is ſomewhat too large, 


and therefore a leſs Height than 100 Feet will anſwer to 
76 Of an Inch Deſcent of Mercury in the Barometer; 
and what that is will be ſhewn from the Experiments 
made by Dr. Nettletn very exactly, as in the Table 
below. 4 

| Altitude 
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Altitude of . 


Height. Bottom. Top. Difference. for 7; 


Tower of Halifax 102 — 29,78 — 29,66 — 0,12 — 8g 
Coal Mine 140 — 29,48 — 29,32 — 0,16 — 87 
Another, ditto | 236 — 29,50 — 9,23 — 0,27 — 87 
A ſmall Hill 312 — 29,81 — 9,45 — 0.36 — 86 
Halifax Hill 33 30,00 EE 45 — 0,55 — 91 | 


23. Having the Height, to which the Mercury will 


ſtand at any one Elevation, it is eaſy to find at what 
Height it will ſtand at any other propoſed. For ſince 
the Denſity of the Air decreaſes in a Geometrical Ra- 
tio, as the Altitudes increaſe in an Arithmetical ane, the 


latter will be as the Logarithms of the former recipro- 


cally : But the Weight of the Air is as the Denſity, 
and the Height of the Mercury in the Barometer is as 
the Weight, therefore the Elevations are as the Loga- 
rithms of the Height of the Mercury reciprocally ; and 
conſequently, if we take 30 Inches for the Standard 
Altitude, and 85 Feet for the Altitude requiſite to make 
it fall Z of an Inch; then by ſaying, As the Logarithm 
of = : is to 85, ſo is the Logarithm of = to the 
3 2 

Elevation which will make it fall + an Inch; and ſo 
for any other. 5 | | 

24. After this Manner, the Doctor has computed the 
- following Tables. 


X 4 -, --+ 2 
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al. 


\ TABLE ſhewirg the Num- 


Eber of Feet aſcending, requir 


ed to make the Mercury fall 
to any given Height in the 


As alſo the Number of Feet 

ceſcending, requir'd to make 

the Mercury riſe, from 3o to 
31 Inches. | 


Tube, from 30 to 26 Inches.| | 


mating, "oper 


A TABLE fhewing the 


Number of Feet requir' 


to make the Mercury fall 
one Tenth of an Tnch} 
from any given Height| 
in the Tube, from 31 to. 


26 Inches. 


.S 
T|| 
. . 


3 
n 
31 9 834 79/28 4195 32 
30 9752 530/28 3/1485 13 
30 8] 0 ois 2[1575 206| |: 
30 7587 21]28 111665 70 
30 Of 504 15128 00756 47|| 
38 5], 420 82½7 g11847.'55 
39 4 337 21027 801938 97 
8 253 3427 717030, 72/3 
zo 2 169 1007 (2122 80 
30 10 84 7207 52215 210 
32; J: de 00127 412307. 95 
29 9 8g ooſz7 302401 020 
29. 8| 170 2907 202494 44| |. 
29 7255 87127 12588 20 
29 6 341 73027 oz 082 33 
29 5 427 89/26 92776 80 
29 4| 514 3426 8/2871 62 
29 3 601 08026 72966 79 
29 2688 11026 (43062 32 
29 1 775 44/26 503158 20 
29 © 863 08026 413254 46 
28 9 951 01026 3[3351 0 
28 81039 25/26 213448 os 
28 711127 80026 1 3545 41 
28 611216 6626 013643 14 


28 F139 83 


Now þÞ 
\S av 


90 45 


© 
O 
— 
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a bone Bladder, and. many others on the 
Air- Pump. (LXXXVII. ) | 


LXXxVInI. * That we may here exhibit a plain { 
and clear Idea of the Force with which the Particles of 
Air repel one another, twill be neceſfary to proceed in 
the following Manner. If in any Diſtance AB, there plate 
are placed any Number of Particles at equal Intervals XXVII. 
from one another; and in any other equal Diſtance 
C D, there are placed twice as many Particles at equal 
Intervals alſo; *tis plain the Intervals between the Par- 
ticles in C D will be but half fo great as thoſe between 
the Particles in the Line AB. Hence the Number of 
Particles in any equal Parts of AB, CD, will be in- 
yerſely as their Diſtances from each "other: Or, if we 
put N= Number of Particles, and I = to the . 


Fig. 2. 


yal between each; then will N be always as 1 for 


Lines, or linear Dimenſions. 
2. Bet for Superficies, ſince they are as the Square 


of their like Sides, we ſhall have N* as 1 — z and inlike 
Manner, ſince Solids are as the Cubes of their like 
Sides, we ſhall have N; as EI But N* is as the Den- 


ſity of the Superficiesz and N3 as the Denſity of the 
Solid; en the Denſity D, of a Superficies of 


this Sort, is as _ and of a Solid as 15 -- And to faci- 


litate the Idea, let A BC be a ſuperficies of ſuch Par- Fi 
ticles, equal to a ſquare Inch; and DF a Solid of a 18. 3. 
cubic Inch. N 

3. Next, let it be ſuppoſed that h of theſe Par- 
ticles repels thoſe, and: thoſe only, which are next to ĩt; 
and let this repulſive Force (F) be inverſely as the n 
Power of the Interval I, between the Centres of two 


adjacent Particles; that is, let F be as 1. Hence 'tis 
manifeſt ſuch an Aſſemblage of Particles muſt conſti- 
4 tute 
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Buy reaſon of the Spring of the Air, its 
DensrTyY muſt be always different in diffe- 
rent Altitudes from the Earth's Surface; 
for the lower Parts of the Air, being p re. 
ſed by the Weight of the ſuperior Parts, 
will be made to accede nearer to each 


tute an elaftic Fluid, or hi an one as, when compreſ- 


| ſed, or acted upon by any external Agent, will, by 
Virtue of its innate repellent Power, re- act or mk 3 

Reſiſtance with an equal Degree of Force. 0 
4. Now the Force of the ſuperficial Parts is as the 
Denſity D, and the repellent Force F between tuo 


Particles, conjointly, or as DXF; but D is 4 and 


31 


he 


F is as — 15 ; wherefore D F i ls 0 * 15 — 


which therefore will expreſs the elaſtic . of the 


Fluid. 5 the Denſity D of the Fluid in the cubic 


D 


Inch i is as — 8 55 | whence 1 D is as Y I 75s and 1 as, 


— — 


as 


elaſtic Force ra gives D ; that is, the elaſtic, | 
or compreflive Force is as the Cube Root of that Power 


of the Denſity, whoſe Index is n+2. 


5. Hence if E the elaſtic Force be as the ] Denſity: D, 
| in any Fluid ; ; then the general Expreſſion | — : | 


becomes E , hence in that Caſe. = a 


ſo n+2=3; and =I. 


that are reciprocally proportional to the Diſtance of 
their Centres. 


other, 


1 8 
FF IJ: 


which ane for I in the . of the 


Conſequently, i in fuch a Fluid 
Fi is as = or the Particles repel each other with Forces 


Such then is the Property of the Air, 


other 
the ir 
we ſe 
the E 
in Ge 
taken 
founc 


whoſe 
which 
lowing 

6. | 
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other, and the more ſo as the Weight of 
the incumbent Air is greater; and hence 
we ſee the Denfity of the Air is greateſt at 
the Earth's Surface, and decreaſes upwards 
in Geometrical Proportion to the Altitudes 
taken in arithmetical Progreſſion. Now it is 
found that the Air is four Times more rare 


whoſe Denſity is always proportional to the Forces 
which compreſſes it, which is alſo proved by the fol- 
lowing Experiment. Plate 
6. Let Mercury be poured into an inflected Tube XXIX. 
ABCD, open at both Ends, to a ſmall Height as B C. get 
Then ſtopping the Orifice D very cloſe with a Cork or * S 4 
otherwiſe, meaſure the Length of confined Air DC very 
nicely, and pour Mercury into the other Leg AB, till 
its Height above the Surface of that in C D be equal to 
the Height at which it ſtands in the Barometer. Then 
it is plain the Air in the ſhorter Leg will be compreſſed 
with a Force twice as great as at firſt when it poſſeſſed 
the whole Space C D ; for then it was compreſſed only 
with the Weight of the Atmoſphere ; but now it is 
compreſs'd by that Weight, and the additional equal 
Weight of a Column of Quickſilver. Let E be now 
the Surface of the Mercury in the Leg CD, and upon 
meaſuring D E, the Space into which the Air is now 
compreſs d, it will be found to be juſt half the former 
pace C D, that is, DED C. 5 
7. Hence it appears that the Spaces S=D C, and 
DE, which a given Quantity of Air poſſeſſes, under 
different Preſſures p and P, are as thoſe Preſſures reci- 
procally ; that is, S: 5::P : p. And becauſe the Denſities 
, D, where the Quantity of Matter is given (Au. LVI. 
9.) are reciprocally as the Magnitudes of Bodies, viz. 
4: D:: 5: S; therefore the Denſities of the Air are as 
the compreſſing Forces directly, wiz. 4: Dp: P. 
his Property of the Air is the Principle to which we 
dye the Invention and Contrivance of ſeveral very uſe- 


i at 
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ly, or 3 Feet 81 Inches. Thus again, 
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at che Height of ſeven Miles than at the 


Earth's Surface; and therefore at the Al. 
titudes of 7. 14. 21. 28. 35. 42. 49. Se. 


the Rarity of the Air will be 4. 16. 64. 
256. 1204. 4096. 16384. G. 


I x the Air were of an equal Denſity 
throughout, the Height of the Atmoſphere 


ful Inſtruments and Machines, ſome of which I will 


exhibit here, and others in the Sequel of this Work. 


- - 8, We have ſhewn in the laſt Annotation that the 


Preſſure of the Air, in its State of Mean Gravity, will 
ſupport a Column of Quickſilver to the Altitude of 29: 
Inches; and (in Annot. LXIII.) it was ſhewn' that t 


ſpecific Gravity of Mercury was to that of Water, as | 


14 to 1 nearly; therefore the ſaid Mean Preſſure of 


Air will ſuſtain a Column-of Water to the Height of 
ra4N 29, 5 413 Inches 34 Feet 5 Inches. But ſince 


Mercury is not quite 14 Times as heavy as Water, we 
may take 400 Inches for the Meaſure of the Mean Gra- 
vity of the Air on Water, and 20, 5 for Mercury; and then 


we ſhall have DC: DE:: P: 29,5 in Mereury; or 


DC: DE:: P: 400, in Water; conſequently 400 DC 
SDEXP e 

9. Again, let the Standard Altitude of Mercury or 
Water be H= 29, 5 or 400, and let the Altitude FG 
5; then will P Hy, and then the above Equation 
will give this Analogy: As S: 5:: H: H, whence 
8:8 -:: H: Y, or DE: EC:: H.: /; conſequently, 
by having DE or CE given, you know the Altitude 
h=F G. Thus for Example: Let D-C=10 Inches, 
it is required to find what Altitude of Mater F G wil 
by its Preſſure raiſe the Surface at C one Inch? Here CE 
=1, DE=9, and H=400 : Then DE: CE :: H: H 
that is, 9:1 :: 460 : 44,4; or F G=44% Inches near- 
:: Query the Al- 
titude FG that ſhall raiſe the Surface C 9 Inches, or 15 
of the Whole ? Say, As'r ::9 :: 400: 3600=F G, or 
300 Feet. Thus the Altitudes are found for every 
tenth Part of the whole Space DC, as in the following 


Table. 
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might be determined; for by Experiment 
we find the Length ofs Column of Air 72 

Feet high is equal in Weight to ane Inch of 

Water of the ſame Baſe: Hence the Den- 

ſity of Air is to that of Water as 1 to 864. 


t is alſo found by Experiment, that the 
Weight of a Column of Air the Height of 
the Atmoſphere will be equal to the Weight 
Feet. Inches. © Feet. Inchen. 
1 — 38 6 — 5 6 _ 
D 
3 — 14 2 Ss — Ii: 4 
J. 08 300 0 
„ Sr I 


10. Hence is deduced the Nature and Structure of 
the SEA-GAOE, invented by Dr. Hales, and Dr. Deſa- 
guliers ; whoſe Deſcription thereof I ſhall here give. AB 
b the Gage-Bottle, in which is cemented the. Gage- Plate 
Tube F f. in the Braſs Cap at G. The up pper End of XXIX. 
the Tube F is hermetically ſeal'd or cloſed ; the open 
lower End f is immerſed in Mercury C, on which 
ſwims a ſmall Thickneſs or Surface of Freacle. On 
the Top of the Bottle is ſcrew'd on a Tube of Braſs 
HG, pierc'd with ſeveral Holes to admit the Water 
into the Bottle AB. The Body K is a Weight hang- 
ing by its Shank L, in a Socket N, with a Notch on 
one Side at m, in which is forced the Catch J of the 
dprin ng S, and paſſing thro? the Hole L in the Shank of 
the Weight K, prevents its falling out when once hung 
on. On the Top, in the upper Part of the Braſs 
Tube at HI, is fix'd a large empty Ball, or full- blown 
Bladder F, which muſt not be ſo large, but that the 
Weight K may be able to ſink the Whole under Wa- 
ter. | 
I. The Inftrument thus 8 is uſed in the | 
flowing 9 The Weight K being hung on, 


0 of 
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of a Column of Water of the ſame Baſe, 
and 32 Feet, or 384 Inches high: Where- 


fore 864 multiplied by 384 will produce 
331776 Inches, or a little above 5 Miles, 


for the Height of the Atmoſphere, were 


the Denſity every where the ſame as at the 
Earth. a 


the Gage is let fall into deep Water, and ſinks to the 
Bottom; the Socket N is ſomewhat longer than the 
Shank L, and therefore, after the Weight K comes to 
the Bottom, the Gage will continue to deſcend, till 
the lower Part of the Socket ſtrikes againſt the Weight; 


this gives Liberty to the Catch to fly out of the Hole L, 


and let go the Weight K; when this is done, the Ball 

or Bladder I, inſtantly buoys up the Gage to the Top 

of the Water. 5 Ro, 
12. While the Gage is under Water, the Water 


having free Acceſs to the Treacle and On in the 
Bottle, will by its Preſſure force it up into the 


ube Pf, 
and the Height to which it has been forced by the great · 
eſt Preſſure, v:z. that at the Bottom, will be ſhewn by 
the Mark in the Tube which the Treacle leaves behind 
it, and which is the only Uſe of the Treacle. This 
ſhews into what Space the whole Air in the Tube Ff 
is compreſs d; and conſequently, by the Rule (in Art. 
9.) the Height or Depth of the Water, which by its 
Weight produced that Compreſſion, which is the 
Thing required. ä 3% 
13. If the Gage-Tube F f be of Glaſs, a Scale 
might be drawn on it with a Point of a Diamond, ſhew- 
ing, by Inſpection, what Height the Water ſtands 


above the Bottom, which Scale is made from the Num- 


bers in the foregoing Table, where the Diviſion may 


be made for Hundredth Parts, as well as Tenths. But 


the Length of 10 Inches is not ſufficient for fathoming 
Depths at Sea, ſince it appears by the Table, that 


when all the Air in ſuch a Length of Tube is compreſ- 


0 Bor 
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Bu T fince the Denſity of the Air de- 
creaſes with the Preſſure, it will be more 


rarefied and expanded the higher we go ; 
and by this means the Altitude of the At- 


ſed into half an Inch, the Depth of Water is not more 
than 634 Feet, which is not half a Quarter of a Mile. 
14. If to remedy this we make Uſe of a Tube 50 


Inches long, which for Strength may be a Muſket- Bar- 


rel, and ſuppoſe the Air compreſſed into an 1oodth 
Part, or 5 an Inch; then by ſaying, As 1: 99 :: 400 
: 29600 Inches, or 3300 Feet; even this is but little 
more than half a Mile, or 2640 Feet. But ſince tis 
reaſonable to ſuppoſe the Cavities of the Sea bear ſome 
Proportion to the mountainous Parts of Land, ſome of 
which are more than three Miles above the Earth's Sur- 
face; therefore to explore ſuch great Depths, the Doc- 
tor contrived a new Form for his Sea-Gage, or rather 


I4T 


for the Gage-Tube in it, as follows. BCD F is a Plate 
hollow metalline Globe, communicating on the Top XXVIII. 
with a long Tube AB, whoſe Capacity is 3 Part of that Fig. 6. 


of the Globe. On the lower Part, at D, it has alſo a 
ſhort Tube DE, to ſtand in the Mercury and Treacle. 


The Air contain'd in this compound Gage-Tube is 


compreſs'd by the Water, as before ; but the Degree of 
Compreſſion, or Height to which the Treacle has been 
forced, cannot here be ſeen through the Tube : There- 
fore to anſwer that End, a ſlender Rod of Metal or 


Wood, with a Knob on the Top, muſt be thruſt up 


to the Top of the Tube A B, which will receive the 
Mark of the Treacle, and ſhew it when taken out. 
15. If the Tube AB be 50 Inches long, and of ſuch 
A Bore as that every Inch in Length ſhould be a cubic 
Inch of Air, and the Contents of the Globe and Tube 
together 500: Cubic Inches; then, when the Air is 
compreſs'd within a toodth Part of the Whole, it is 
evident the Treacle will not approach nearer than 5 
Inches of the Top of the Tube, which will agree to 
the Depth of 3300 Feet of Water, as above. Twice 
this Depth will compreſs the Air into half that Space 


moſphere 


Neunes. 
moſphere becomes indefinite, and termi- 
nates in pure Ather. But though we can- 
not aſſign the real Altitude of the Atmoſ- 
phere, it is certain from Obſervations and 


nearly, viz. 2 5 Inches, which correſponds to 6600 
Feet, which is a Mile and a Quarter. Again, half 
that Space, or 1; Inch, will ſhew double the former 
Depth, wiz. 13200 Feet, or two Miles and a half; 
which is probably very nearly the greateſt Depth of the 
Sen. | 

16. A Gage of this Kind may be of very great Uſe 


in many other Caſes. Thus the prodigious Force of 


Compreflion ariſing from Freezing may be accurate 


tried: Let a Bomb of caſt Iron ſix or eight Inches Dia- 
meter, and about one Inch thick, be fill'd with Water; 


then if a ſmall Gage of this Sort be made and fix'd to 


a Stick, which is to be ſet upright in the Middle of the 
Bomb, ſo that the Gage-Bottle may be in the central 


Part ; and ifthen the Hole of the Bomb be faſt ſcrew'd 
up, the Bomb cover'd over with a freezing Mixture 
(which is made of equal Quantities of Salt and Snow, 
or pounded Ice) in a little Time the Water will begin 
to freeze all round the Inſide of the Bomb, and by its 


Expanſion will produce a greater Force upon the Wa- 


ter, and a greater Degree of Compreſſion of the Air 
of courſe, than by any other Means yet known: And 
this may be continued till it ſhall burſt the Bomb, when 
the Gage taken out of the globular Shell of Ice (for the 


W ater will be frozen _ on the Outſide) will ſhew 


the exact Quantity of this Force of Compreſſion. 
17. Dr: Hales (the Author of this Contrivance) 
actually made the Experiment, but not having well ſe- 


cured the Gage, it was broken to Pieces; but from 


computing the Force neceſſary to burſt an Iron Bomb 
an Inch thick, it appeared that this Force was about 
equal to 1340 Atmoſpheres, or the Preſſure of 1340 
times the Weight of 33 Feet of Water. But this 
Computation was made upon Suppoſition that the Co- 


heſion of caſt Iron is the ſame with that of Iron-Wire; 


Expe- 
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Experiment, that 45 or 50 Miles is the 


utmoſt Height where the Denſity is ſufficient 


to refract a Ray of Light; and therefore 
that may be eſteemed the Altitude of the 
Air to the leaſt ſenſible Degree of Denſity. 
(LXXXIX.) To, | 


dut as it muſt be conſiderably leſs, ſo the Nu mber 1 340 
may be diminiſhed to 1000 ; and then the Air muſt be 
compreſs'd into a 1000 times leſs Space than it had in 


its natural State, and muſt in that Caſe have been more 


denſe than Water: For its Denſity then to that of 
common Air was as 1000 to'I ; whereas the Denſity of 
Water and Air are but as 860 to © 
18. After the ſame Manner may be tried the Force 
with which dried Peas, Beans, c. expand with Mot- 
ſture, when confin'd in a Bomb; for it muſt. be a very 
ſtrong Veſſel indeed, ſince it has been found by Expe- 
riment they will burſt a Gun-Barrel in ſwelling. In 
like manner alſo the elaſtic Force of factitious Air ge- 
nerated from BBdies by Fermentation may be eſtimated 
in a very nice and entertaining Manner: With many 
other Things of this Sort, which the ingenious Reader 
will readily excogitate of himſelf. 1 
(LXXXIX.) 1. The Denſity of the Air on one 
Hand, and the Rarity on the other, are both limited: 
No Condenſation can reach ſo far as to cauſe a Penetra- 
tion of Parts; the utmoſt Limit, therefore, of Denſity, 
muſt be a perfect Plenum, or a given Quantity of Air 
reduced into a Space abſolutely full, or without any 
Pore; which is a Degree of Denſity that has not been, 
= probably never wil be, in the Power of Art to ef- 


2. On the other Hand, the Rarity of the Air cannat 
proceed ad infinitum, but has its Limit from its Gravity: 
For though the Rarefaction of the Air be ſtill greater as 

the Diſtance from the Surface of the Earth increaſeth, 
its Spring at length will be ſo weaken'd, that the Force 
by which the Particles tend upwards from thoſe next 
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SINCE the Gravity of the Air is ſo va. 
rious, that at one time it will ſuſtain a Pil. 
lar of Mercury 31 Inches high, when at 


another it will raiſe it but to the Height of 


below them, will be leſs than the Force of Gravity by 
which they tend downwards. The Rarefaction of 
Air muſt therefore be bounded, where theſe two oppo- 
fite Forces come to balance each other. | 


3. Now though we cannot poſlibly define the Limits | 


of the Atmoſphere, yet we may ſtill inveſtigate how 
much the Air is rarefied at any propoſed Altitude aboye 
the Earth's Surface : For doing which, ſeveral Methods 
have been propoſed ; ſome of which are very tedious, 
and difficult to be underſtood. I ſhall here illuſtrate Sir 
Iſaac's Theorem for that Purpoſe, which is very conciſe 
and plain. It requires only two different Denſities of the 
Air, at two given Altitudes above the Earth's Surface, 
to be known, and which we eaſily obtain by Experi- 
ment as follows. ? 

4. Take a Vial AE F B, fill'd two Thirds full of 
Water to CD; in which let a long Fube I'G (open 
at both Ends) be immerſed, and cloſely cemented to 
the Vial at A B, ſo that none of the included Air may 
eſcape. This done, blow a little Air through the 
Tube into the Vial, which increaſing the Spring of the 
contained Air, will cauſe it to raiſe and ſupport a Co- 

lumn of Water in the Tube, to ſuch a Height H, that its 
Weight, together with that of a Column of Air preſſng 
on its Surface H, is equivalent to the increaſed Spring 
of the confined Air. £4, | 

5. The Vial and Tube thus prepared are to be car- 
ried up to the Top of a Tower, Mountain, or ſome high 

Place; and in the Aſcent, ſince the Column of Air 
preſſing on the Water at H is conſtantly ſhortened, ſo 
its Force of Preſſure will be diminiſhed. The Spring 
of the Air in the Vial will therefore keep the Column 
of Water conſtantly rifing in the Tube; ſo that when 


you have aſcended the Height of about 72 Feet, the 
Water in the Tube will have riſen from H to L, thro 
I 28 Inches, 


vity o 
fore tl 
be as 


to the 
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28 Inches, in the Barometer; it follows, 
that we may take 29 4 Inches of Mercury 
for the mean Altitude, and conſequently its 


the Space of one Inch; and fo in Proportion for any 
other Altitude, as I have ſeveral Times found by trying 
the Experiment, 8 | 
6. From hence it appears, that the Altitude of one 
Inch of Water is equivalent to the Altitude of 72 Feet, 
or 854 Inches of Air ; and therefore the ſpecific Gra- 
vity of Air is to that of Water as 1 to 864, or, as Sit 
Iſaac has ſtated it, 860. Now ſince the ſpecific Gra- 
vity of Water is to that of Mercury as 1 to 14. theres 
fore the ſpecific Gravity of Air to that of Mercury will 
be as 1 to BboX14=12040 ; and ſince the Height of 
Mercury ſupported by the Air in the Barometer is 
2,5 Feet; if we ſay, As 1: 12040 :: 2,5: 2, 5 & 12040 
=30100 Feet, which would be the Height of the Air 
were it every where as denſe as at the Earth, or about 
54 Miles. | | | ; = | 

7. But ſince the Air is not uniformly .denſe, we muſt 
ſeek its Height by another Method to be taught by and 
by. In the mean time, as the Air's Denſity conſtantly 
decreaſes, we ſhall ſhew how to find the Ratio of its 
Denſity at any Altitude to that at the Earth's Surface. 
Thus, ſince the Denſities are as the compreſſing Force, 
which is as the Altitude of the incumbent Column of Air, 
and ſince the Weight of Mercury is to Water ag. 1 to 
14, it is plain that the Air which ſupports a Column of 
Mercury 2,33 Feet, will. ſuſtain a Column of Water 
to the Height of 33 Feet. The Denſity on the Earth's 
durface then is as 3 3. | ES 1 

8. Again; it is evident, ſince 860 Feet Altitude of 
Air is equal in Weight to 1 of Water, therefore at the 
Height of 860 Feet above the Earth, the Air (conti- 
nuing in the ſame State) would ſuſtaini only 32 Feet of 
Water. At the Height therefore of 860 Feet, the Den- 
ty of the Air is as 34323. „ 

9. Hence the Denſity at any other Altitude is eaſily 


* 


bund by the Hyperbola /a i h and its Alymptotes SF 


„ ˙ͤiÜ2 ere 


OO * 
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Weight for the mean Weight of a Pillar of 
Air of the ſame Baſe. But a Column of 


Mercury whoſe Baſe is one Square Inch, and 
Altitude 292, weighs about 1 5 16. which is 


| and St, S being the Centre of the Earth, and A its Sur- 
Plate face: Then the Earth's Semidiameter S A = 4c00 
XXVIII. Miles nearly, or 21120000 Feet. Take AB= 860 
Fig. 7- Feet, and let the Denſity of the Air be required for any 
other Height, as AC = 7 Miles, or 36960 Feet. In 
the Points A, B, C, erect the Perpendiculars A H, 

BI, CK, which let be made proportional to the Den- 
ſales of the Air in the Points A, B, C; that is, let 
AH: BI:: 33: 32, and AH: CK :: 33:x3; and 
from the Points H, I, let fall the perpendiculars Hr, Is. 
10. Then putting SA=ZAG=r, —_ SCD, and 


SB: SA: Aa Bb = © —; thus c == then Aa = 


B b= =, and 28 . And put m: 


a 
xÞ 23: * A H: BI. Then by the Nature of the 
Hyperbola, we have the Area thin as the Logarithm 


05. 5 and the Area th & wv as the e org ; or 


the Area h A: thkw:: L. L. =. But (by 
Coroll. to Prop. XXII. Lib. of the Principia) it is, 


r 


thiu: tb kw: AA - B: Ag - 1 9 


> ENTS = 3p: 
11 Now, becauſe a—r = A B= 860, and — 


8 60 35960_. 
| 36960, we have 21120000 217 55900 


1 2 — Xx. =; whence we have —_ — o, 573 1903 


3 1 L. = o, 573 190 3 whence L.m — 
0,57 3190 = L.x = 0,945324, the Number ate, 
to when 15 Y 817 = =x = GK, me Denſity required. 
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| equal to the Pr eſſure of Air on every 


Square Inch ; and therefore upon every 


Square Foot it will be 2160 1b. ; and al- 
lowing 14+ Square Feet for the Sur- 
Or, the Denſity at A is to the Denſity at C as AH to 


CK, or as 33 to 8,817, which is nearly-as 4 to 1. 
12. From the Nature of the Hyperbola it is plain, 


the Denſities n, n, x, muſt be in a geometric Pro- 


greſſon. But to ſhew theſe Things more generally: 


Let 8S C= x be a variable Diſtance, and its Fluxion 


CE &; let the Denſity C K =y, the compreſſing 
Force in the Altitude C as v, and the Power of Gra- 
nity as g. Then will the ſpecific Gravity of the Air 
be there as g y; for it will be as the Denſity y when 
the Gravity g is given, and as the Gravity when the 
Denſity is given: and when neither is given, it will be 
conjointly as both. 3 „ 
13. Since the whole Weight or Preſſure of a Column 


of any homogeneous Fluid, of a uniform Denſity, is as 


its ſpecific Gravity multiplied by its Magnitude, (by 
Annot. LVI. 10.) and if the Baſe be the ſame as the 
ſaid Gravity multiplied by the Altitude, and therefore 
its Fluxion as the ſpecific Gravity multiplied by the 
Fluxion of the Altitude; therefore we have g'y x = — 


©, becauſe the Denſity of the Air thro' the very ſmall 


Space C E may be look'd upon as uniform; and fince 


the Preſſure decreaſes as the Altitude x increaſes, there- 


5 
14. If the Gravity g be 25, and the Denſity y as 

ä 4 
any Power u of the compreſſing 


— 


Force v, Viz. if y: vs, 


and therefore v: 5, by taking che Fluxions we have 
1 n 


ion gy #=—5, let their Valder be ſubſtituted, and we 


have — y WOE 


OF - 


2 an 


La face 


fore it is that we make the Fluxion of it negative, vix. 


L J 
; 
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face 4 the Body of a middle-ſized Man, it 
muſt ſuſtain a Preſſure of 31320 Pounds, 


15. If we out n=, that is, if the Denſity be as the 


ny F 2 2” | 3 — 
compreſſing Force, we have = == Now, fince 


any Quantities x, x+a, x+22, x+3a, in arithmeti- 


elf Progreflion, have all their F luxions equal and the 


I 
fame, viz. & therefore if any Quantities be ta- 


. 


ken i in fuck a a Progreſion, their Fluxions — — 
| n 


or — en de al the ſame. or conſtant ; : therefore, 


. e 13 conſequently 5 that i is, the Flux- 


ions of the Denſities are as the Denſities. themſelves ; 3, 
which therefore are in Geometrical Progreſſion, as is 


manifeſt from the Doctrine of Fluxions. 


16. If in the ſame Hypotheſi is you put m=1, or ſup- 
poſe the Gravity to be every where uniform, or given; 


then = 4 To If now we take — conſtant, or 
make *: x, then will the Diſtances * N in See 


cal Progreſſion 3 and in that Caſe alſo we have. 2 2 I, 


7 5 
or : y; whence alſo the Denſities) p are in Geometrical 


Progreſſion. 
122 


17 The Flaent of the above Equation r „ J 


„ En 
A 1— 1-7 flows -1 | . FITS; 


* Her, tis plain, it cannot be n= 0, for then 


7. K 4 =Infivite.; nor can mer, becauſe then it WE" 
be e d any to the, N 8 wand be, every 
* : N 3 ; or 


* 
- a f 


y | = n=a4Q a conflag Quay 


2 


a 


Ve 


EY 


— 
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or 14 Tons, when the Air is of a mean 
Gravity: This prodigious Force would 


where the ſame, or conſtant ; neither can» = 1, for 


— — — 


then ) = y" =o, To determine the Value of Q; 

we muſt firſt define the Altitude SF, where the Denſity 

vaniſhes, or y=, and call it a=SF ; then we have Q 
| 1— . 8 

— and hence y 5 — — 3 


1 SI > 
where *tis plain 9 7 ought to be a poſitive Number, 


and leſs than Unity, that while the Diſtances & increaſe, 

the Denſities y may decreaſe. | 3 
18, If the Altitude at which the Denſity y vaniſhes 

be ſuppoſed infinite, then Q = , and the Equation is 

: 12 | ö 

1 * 


I y .. For if in the Equation (Ari. 


1— LOT i | 
e e 1 21— 2 11 
17.) y=-, and x Infinite, then „ 
1 N 1 


anten e l Infinite, con- 
m—1 Mm nfinite, 


trary to Suppoſition. 


| 19, If now the Gravity be reciprocally as the Squares | 
of the Diſtance, or m = 2, we have the Equation 


12 


T n_ IT I TP 1 
— 7 1 become „ 2 — 
1— 1 . Xs; 


whence n will be reciprocally as *I, which is a general 


Formula for any Hypotheſis. of the Ratio of the com- 
preſſing Power and Denſity. Thus, if you ſuppoſe the 


comipreſſing Force in the duplicate Ratio of the Den- 


ſity, that is, *: v; then y=v;, and u, and there- 
fore — = 1, whence 5 will be reciprocally as x. 


Hence all thoſe Caſes of Scholium to Prop, XXII, Lib. 


x49 
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| cruſh us into a very ſmall Compaſs, were it 


not that it is equal on every Part, and coun- 


J. of the Principia are derived, and any others at Plea- 
_ | 
20. The Denſity of the Air decreaſing indefinitely, 


it is evident there is no certain Limit or Boundary of the 
Atmoſphere, which gradually rarefies into pure Æther, 


or Aura, as it is often call'd. But ſince one principal 
Effect of the Air is the Refraction of Light, and ſince 
the Particles of Light are the ſmalleſt Bodies we know 
of in Nature, *tis reaſonable there to fix the Bounda 


of what we may properly call Air, in the Altitude where 


it begins to have the Power of producing this leaſt Ef. 
fect in Nature, viz. the refracting a Ray of Light. 
21. To diſcover this Altitude of the Air, we have 
the following Method. Let ADF be the Surface of the 
Earth, S the Sun below the. Horizon, SB a Ray of 


Light touching the Earth; which is reflected by a Par- 


ticle of Air, in the higheſt Part at B, io the horizon- 


tal Line BA to a Spectator at A. The Angle S BN 


is the Depreſſion of the Sun below the Horizon in this 
Caſe, which, becauſe it is at the Moment Twilight 
ends, is known from Obſervation to be about 18 De- 
grees. | But becauſe B A is alſo a Tangent, the Angle 


 ACD=SBN=18 Degrees; and the Angle ACB 


=: ACD=9 Degrees; which would be true, did the 
Ray SB paſs through the Atmoſphere without Refraction, 


but becauſe it does not, but is refracted or bent towards 


H, the Angle A C B muſt be diminiſhed by the horizon- 
tal Refraction, which is about half a Degree; whence 
the Angle ACB = 80 30“. 5 _ 


22. Therefore in the right-angled Triangle A C B 
we have all the Angles given, and one Side, (viz. A C 


S A Miles, or the Semidiameter of the Earth,) ta 
find the Side , thus, 5 ae CY 


As the Sine ABC = g go' = 9.995203 
Is to the Side AC =. 4000 =. 3.602060 
So is Radius 98. = 19.008000 


3 


IT ̃0o the side B C = 4044; = 3.606857 
„ 1 terbalanced 
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terbalanced by the equal Re- action of the 
spring of the Air within us. (XC.) 

wherefore BC HC = HB == 44! Miles, the Height of 
the Atmoſphere required. N 
( XC.) 1. Since a cubic Inch of Mercury weighs very 


nicely 8,1 oz. Averdupois, a Pillar of Mercury, whoſe 
Baſe is one ſquare Inch, and Þ x 


| Ib, ez. 


TH Z's mn C240 SP 
Altitude 291 Inches, will weigh 14 15 Fere. 


31 


2. So that the Air, at a mean Gravity, is 
to the Preſſure of 15 Ib. upon every ſquare Inch; and 
therefore upon every ſquare Feet it will be equal to 2160 
b. and 2160X14, 5= 31320 lb. or 14 Tons nearly, 
the Weight or Preſſure ſuſtain'd by a middle-iized Man. 
When the Air is lighteſt, this Preſſure is 135 Tons; 
and when heavieſt, it is 1455 Tons, the Difference is 


15 11 


1,1 Ton, = 2464 1b. the Weight with which we are 


compreſs'd more at one Time than another. | 

3. This great Difference of Preſſure muſt greatly af- 
fect us in regard to the animal Functions, and conſe- 
quently in reſpe& to our Health. If a Perſon, for In- 
ſtance, be aſthmatical, he will find his Diſorder in- 
creaſe with the Levity of the Air; for ſince a pure, 
denſe, elaſtic Air, which is very heavy, is only capable 
to diſtend his Lungs in Reſpiration, when the Air is 
leſs compreſs'd by its diminiſh'd Weight, it will have 


leſs Elaſticity, and ſo be leſs capable of expanding the 


Lungs ; the Valetudinarian will therefore find his Dif- 
ficulty of Breathing increaſe in Proportion. 

4. Again, the Reaſon why we think the Air lighteſt 
in fine Weather, when it is really heavieſt, is becauſe 
the greater Preſſure conſtringes and braces the Fibres 
and Nerves, and brings them to a due Tone, by which 
Means all the Rlood-Veflels act with their full Power 
and natural Vigour ;. hence a proper Velocity is given 
to the Fluids, and a greater 1 to overcome 
Obſtructions in the Capillaries; thus by a-briſk Circu- 
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Circulation enſues, Obſtructions, 


contraryjß. ; 
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Tur Weight of the Air is proved by a 
great Variety of curious Experiments, the 


principal of which here follow. 


lation of the Fluids, and a due Compreſſion of the So. 

lids, we find ourſelves firm and well, alert and light, and 

therefore fancy the Air is ſo. RE. 
5. Whereas, on the contrary, when this Preſſure is 


leflen'd by near 2500 1. the Fibres are relaxed, the 


contractile Force of the Veſſels diminiſhed, a languid 
Viſcidities, &c, 
happen, and produce Agues, Fevers, Aches, &c. in 
ſome ; and in all, a Sort of Indolence or gloomy Inacti- 
vity, and, Heavineſs; and therefore we imagine that it 
reſults from the Hcavineſs of the Air, when it is juſt the 


6. If it be required to find the Weight of the whole At- 
moſphere on the Earth's Surface, we may proceed thus: 
Suppoſe the Earth's Diameter in round Numbers 8000 
Miles, the Area of a great Circle will be 8000X8000 
X0,7854=50266400 ſquare Miles, which multiphed 
by 4, gives 201065600 ſquare Miles for the Surface of 
the Earth; but becauſe we took the Diameter a little 
too large, we may take 200,000,000 for the Number 
of ſquare Miles in the Earth's Surface; in one ſquare 
Mile are (52t0x5280==) 27878 400 ſquare Feet, there- 
fore on the Earth's Surface we have 5575680co00cQ000 
ſquare Feet, which multiplied by 2160 (the Preſſure on 


each ſquare Foot, Art. 2.) gives 1204 34688 cooco000000 


lbs. for the whole Preſſure. N. B. Since 2240 1b. make 
a Ton, the Preſſure 2160 Jb. upon a ſquare Foot, is very 
near a Ton Weight. !!!.. Y BO1 7 5964 


7. I ſhall now preſent the Reader with a Solution of 


a very curious Problem, viz. To find the Thickneſs FH 
of an hollow Ball or Globe FD M E, made of any given 
Metal, &c. whoſe ſpecific Gravity is known, ſuch that it 
ſhall ſwim immerſed in Part er wholly in any homogeneous 
Fluid, whoſe ſpecific Gravity is alſa known. © Let A B be 


the Surface of the Fluid, and let the Globe FD E ſwim | 


therein, immerſed to the Depth LM, and let the ſpecific 


Gravity of the Metal be to that of the Liquor as 1 to 


(0 Br 


— 


12. 


/ 
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(1.) By actually weighing it in a nice 


of Air will weigh a Dram very nearly. 
(2.) By filling a Glaſs Tube with Mercu- 
ry, and inverting it in a Baſon of the ſame 
Fluid, where it will appear that a Column 


will be ſupported in the Tube by the fole 
Weight or Preſſure of the Air, to upwards 


the Height of 28 Inches. (3.) By taking 


the Air off from the Surface of the Quick- 


filver in the Gage of the Air-Pump, which 


then immediately riſes by the Preſſure of 


the external Air. (4.) By exhauſting a 
Receiver placed over the Hole of the Braſs 


Plate on the Pump, which will then be 


kept faſt on by the Preſſure of the incum- 


bent Air. Or, (5.) More demonſtrative- 


ly by exhauſting a ſmall Receiver under 
one larger, and letting in the Air at once 
upon it; which will then be faſten'd to 
the Plate as before, though not placed over 

8. Then putting the Diameter FM=D, HNA, 
LM x; we have the ſpherical Shell equal to the Sphere 
FDE —Sphere HIK, that is, L= . . alſo the 

"Ds" | 


Segment of the Liquor DME, is Ar . and, in 


aD 30D 
Caſe of an Equilibrium between theſe Quantities, we have 
Dp. DA px | 
T W hence we ſhall 
6 13 5 : 
{ft Di—d*'D= 3 Dx*n—2nx3 ; ; and thence ey: 
. the 
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Balance; where we ſhall ſee that one Gallon | 


„„ 
| FAR Hole. 


Ty let in, will, by its Weight, 
reduce it to very ſmall Pieces. 
Bottle broke by the ſame means another 
Way. (11.) By putting a Piece of Wood 
under 
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Weight of the Air on the Hand will be ex- 
tremely ſenſible. 
Piece of Glaſs on the ſaid open Receiver,, 


which, when the Air is a little exhauſted, 


will be broke into Pieces by the Weight of 
the Air. (S.) A Bladder tied over the 
ſame Glaſs will be broke in-the ſame Man- 
ner. (.) The Air exhauſted from a thin 
Bottle under a Receiver, and then ſudden- 
inſtantly 
(10.) A 


Quickſilver in the Receiver, and 
then exhauſting the Air, and letting it in 


again, it will by its Weight force the 


Quickſilver into the Pores of the Wood, 
and very ſenſibly increaſe its Weight. (12.) 
The. exhauſted Braſs 8 prove 


Tau = == 4D; or Dt— 3 1K di; whence 


i 


eo "BE 2 


at laſt d= A OT 2x3 


the Thickneſs of the Shell required. 
9. If we ſuppoſe the Body to ſwim in the Flui 


wholly immerſed, then x = D, and d= D*X1=—n 


DVI. Now admit FDE be a Sphere of Copper 
10 Feet in Diameter, and that the Fluid Medium be 
Ap, whoſe ſpecific Weight to that of Copper is as 1 to 


0 


(6.) By placing the Hand on 
the open Receiver, and exhauſting, the 


(7.) By placing a plain 


culat 
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not only the prodigious Weight of the 
Air, but alſo the Quantity thereof very 
exactly. (13.) By exhauſting Glaſs Bubbles 
ſwimming in Water, and letting the Air 
in again, 1t will force the Water into the 


Bubbles, and make them ſink. (14.) The 


Syringe with its Weight deſcending in Va- 


duo, and aſcending again upon the Admiſ- 


ſion of Air, does very prettily prove the 


Syringes in general. (XCl.) 


7640 
r. 090 


— 7640 7640 


7640 


Dang: © i326 


quiſite for the Globe to ſwim in Air. Lo £955 228 

10. But in order to this, one Thing more is neceſ- 
ſary, viz. that the 'Concavity of the Globe be a pure Void 
r Vacuum: for if it be fill'd with Air only, the Globe 
will ſink in the Air, be it ever ſo thin; becauſe in that 
Caſe it muſt be heavier than an equal Bulk or Globe of 
Air. Hence we ſee how impoſlible a Thing is that 
Aerial Navigation, which Franciſcus de Lanis and other 


Philoſophy appear'd to deliver us from thoſe vain Spe- 
On, and fruitleſs Attempts that may be grounded 
thereon. ee abate wa 


ral Phznomend of the pre: on the Air-Pump, as 
they are ſhewn in the | 
subject. The firſt of which is, 4 ſbew the abſolute 


Preſſure of” the Air, and the Rati nale of 


$0Xg=7640 ; hence n — and therefore Pk | 
2; and becauſe D=10 Feet, or 120 
Inches, therefore 1204/1239 =d4=11 9,992 ; and ſo 


——=0,004=F H, the Thickneſs of che Metal re- 


Miracle-Mongers have amuſed. us with, before true 


(XCl.) 1. I ſhall here give the Rationale of the ſeve - 
rder' of my Lectures on this 


THAT 
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PNEgUMATAICS. 
Tuar Water riſes in Pumps, Syphon, 
and all Kinds of Water Engines, by the 


Weight of the Air by weighing it in a Balance; of which 
we have already given an Account in Annotation 
LXXXVIL 2. | 

2. The Second is, fixing a ſmall Receiver on the Plate 
of the Air-punip, by exhauſting the Air out of it. The 
Reaſon of which is, that the Preſſure of the Air ads 
now alone on the Outſide of the Glaſs, and perpendi- 
cularly on its Top, and preſſes it down with a Force 
equal to ſo many Times 15 16. as there are ſquare In. 
ches in the Top of the Glaſs, or in the largeſt horizon- 
tal Section of it. The Spring of the Air, (which is always 


- equipollent to the Preſſure) being now taken away from 


within the ſaid Receiver, will leave it to ſuſtain the 
entire Force of Preſſure, which will therefore fix it faſt 


| down to the Plate. 


3. The Third Experiment fixes the Glaſs firmly on the 
Plate, not, as before, ever the Hole, but on one Side of it. 


Thbis is to undeceive People in regard to the common 


erroneous Notion of a Suction, winch they ſuppoſe is 
ſomething within-fide of the Glaſs that draws it down 


as the Air paſſes out through the Hole. But when they 


fee the Glaſs placed on one Side the Hole under aRe- 
ceiver, and that as the Air is drawn out of the Recet- 
ver it will by its Spring all eſcape from under the Glaſs 


at the ſame time, and then when the Air is let into the 


Receiver all at once, it falls on the little Glaſs, and fixes 
it down in ſuch Manner that it is plainly ſeen to fink 
into the Leather upon the Plate; I ſay, when all this is 
ſeen and conſider'd, it entirely eradicates that vulgar 
Error, and ſets the Truth in a clear Light. | 

4. The Foarth Experiment fixes a Perſon's Hand on 
the Top of an open Receiver. This is done by the Preſ- 
fure of the Air on the Top or Back of the Hand, when 
the Spring of the Air is wanting within the Receiver to 
counter- act it. This great Preſſure is very ſenſible to 
the Hand, though not hurtful.; and the Skin and Fleſh 
is viſibly preſs'd down between the Metacarpal Bones. 


Preſ- 
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Preſſure of the Air only, is made evident 
by taking off the {aid Preſſure (in the ex- 


The Spring of the Air in the Hand, at the ſame. time 
exerts itſelf, by extending the Skin and Fleſh of. the 
Part of the Hand on the Glaſs as far down as poſſible, 
by which means the Blood flows thither in great Quan- 
WW tity, as in Cupping, and makes the Part look very red. 
lf the Area of the Top of the Receiver be 4 Square 
WH Inches, the Hand will be preſs'd or kept on by a Weight 
* WI <qual to 60 . oy = 
5. The Fifth Experiment is fixing the Braſs Hemi- 
ſpheres together by the Preſſure of the external Air, in ſuch 
Manner as to require two flrong Men to pull them aſunder. 
This is done by exhauſting the Air from their Cavity, 
and thereby taking away the Spring, leaving the Preſ- 
ſure to act alone, If the Diameter of the Hemiſpheres 
be 4 Inches, the Area will be 12, 556 Square Inches, 


2 which multiplied by 15 gives 188, 3 /b. by which they 
ue compreſs'd together. | | 
6. The Sixth Experiment fhews the Spring of the Air 
s WH throwing the Air out of a Glaſs Bubble thraugh the Water 
n in which it is placed, in Form of large round Bubbles of 
Ar. This is done by taking the Preflure of the Air 
x off the Surface of the Water in the Jar under the Re- 
x ceiver ; and by that means the Spring of the Air having 
+ WH nothing to counter-act or confine it, will exert itſelf, 
© and cauſe the Air to eſcape out of the Bubble, and from 
ul Parts of the Water, in very ſmall Globules riſing 
« WF up to the Top; whence, by the way, it will appear, 
chat Water is a very porous Body, and all its Inter- 
r Wl fiices poſſeſs'd by Air, which is now expanded into 
viſible Volumes or Globules, and ſeen to make its 
Wl Eſcape. | % on To 
{- 7. The Seventh Experiment is but a Part of the for- 
n mer, and ſhews, that upon letting the Air again into the. 
to Receiver, it falls on the Surface of the Water, and 
8 that means compreſſes the whole Body of Water, and drives 


Part of it into the ' evacuated G!a J- Bubble, which then 
becomes heavier than Mater, and ſinks to the Bet. om. A 


ſ- Cn | „ R 
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fon, under the Receiver, upon exhauſting the Air the ſmall 
Quantity of Air in the Bubble will again expand ſelf, cauſe ti 


End between the Shell and the Skin or Putamen, which, 


through the ſaid Hole in the little End. . 


4 to raiſe up the Shin of the Egg, and throw it fo far 


PNEUMATICS 
hauſted Receiver) from a Baſon of Mere of the s 
cury, which then will not riſe in the Pipe as It WI 


there is but very little Air left in the Bubble, its Spring the Egg 
will be very weak, and ſo will yield to the Force of the e 
external Air compreſſing the Water, and therefore wil 080 as 
ive the Water Admittance till it becomes fo far com- e, 
preſs'd as to have a Spring equal to that of the outward 11 P. - 
Air, or to that which was in the Bubble at firſt, - Is WW 7% 
Denſity will then be the ſame alſo ; and its Bulk, com- e 


pared with the whole Bulk of the Bubble, will ſhew 3 
what Part of the whole Quantity of Air remained aſtet * . 
Exhauſtion. b . = L 8 

8. The Eigbth Experiment ſhews, that the ſame Bubble, .“ * 
Placed with its Neck upon a hollow Glaſs aver a ſmall Ba: M dee 


and drive out all the Water. The Preſſure of the Air, _ | 
which before kept the Water in the Bubble, being now l x 4 
taken away, the Spring of the Air in the Crown of the * 


Bubble gradually exerts itſelf, and at laſt expels all the I . 


Water. From this Experiment it plainly appears, 2 
that the Spring of the Air is equal to the Preſſure, be- ; fl : 
cauſe the Spring drives out all the Water which the 1 wn 
Preſſure forced into the Bubble. wo Ts 

9. The Ninth Experiment is the Expulſion of the Con- _— 
tents of an Egg through a ſmall Hole in the. little End by 
the Spring of the Air contained in the great End of the- 
Egg. While the Egg is new and good, there 1s. al- 
ways a ſmall Quantity of Air contained in the great 


upon taking off the Preſſure of the Air from the Hole, 
will expand itſelf, and drive out the White and Yolk 


10. The Tenth Experiment ſhews, that when half the 
Shell of the Egg thus emptied is taken off, the ſaid Bubble 


ef Air will, upon Exhauſtion, ſo expand ztſelf by its Spring 


out as to make the Reſemblance of the entire Egg, This 
will happen only when the Egg is quite new ; for as 


va - . of 
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of the Syringe on drawing up the Piſton, 
as it will in the open Air. 3 00 


the Egg grows ſtale, the Air will loſe its Spring b 
degrees, and the Egg will become putrid or addle. It 
is obſerved by Naturaliſts, that this included Bubble of 
Air is abſolutely neceſſary for the Production and Ma- 
turation of the Chick, which is effected by the Warmth 
and Fermentation occaſioned by the ent Incubation 
of the Hen. 5 ff 8 
11. The Eleventh Experiment is to /bew the great 
Na of Air contained in all ſolid Bodies. For when 
a Piece of Braſs, Iron, Stone, &c. is put into the Wa- 
ter of a Jar under. the Receiver, 'and the Air drawn 
out, the Spring of the Air contained in the Pores of 
thoſe ſolid Bodies, will, by expanding the Particles, 
cauſe them to appear on the Surface in numberleſs Glo- 
bules, and exhibit a curious Spectacle to the Eye, like 
the pearly Drops of Dew on the Piles of Graſs; all 
which ſuddenly difappear by letting the Air in again. 
12. The Twe/fth Experiment fhews, that a Piece of 
Cork with a Weight added to it, to make it juſt fink in 
the Water, will be raiſed to the Top, or made to ſwim, by 
exhauſting the Air. For the Bubbles of Air which are 
expanded from its Pores, and adhering to its Surface, 
render it lighter than Water, in which Caſe it muſt 
neceſſarily riſe to the Top, or ſwim: | 
13. The Thirteenth Experiment ſhews, that Glaſs- 
Images and Bubbles, which fink in Water, will, on 
exhauſting the Receiver, riſe to the Top and ſiim. For 
the Bodies of theſe Images, &c. being hollow, are fill'd 
ſo Far with Water as to make them juſt ſink ; and the 
reſt of the Cavity being poſſeſſed of Air, this Air will, 
upon taking off the Preſſure of the external Air, exert 
its Spring, and drive out the Water from the Images 
and Bubbles; they then become lighter than the Wa- 
ter, and riſe to the Top. When the Air is let in again, 
the Water re- enters their Bodies, and they fink down 
again. i | #78 £6 ' ha 442535 * 
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Tur SPRING of the Air is demonſtrable 
F— various Experiments: As, (1.) By the 


14. The Fourteenth: ** iment ſberus, that a Bladder 
nearly . of dir, and ook with a Weight to the Bot. 
tom of a Mater, will, upon Exhauftion, riſe. to 
the Top and — — The Reaſon of which is, that when 
the Preſſure of the external Air is taken off, the Spring 
of the little incloſed Air will dilate and expand the 


Bladder to its full Bulk; and then the Quantity of Wa- 


ter equal to its Bulk will be heavier than the Weight 
and Bladder, and ſo will buoy them up to the Top, 
ee to the Laws of Hydraſiatics, which ſee. 
. 11 he Fifteenth Experiment raiſes Beer or Ale int 
a large white Head er Froih to the Top of the Far. This 


happens on account of the great Tenacity of the Fluid; 


for when the Preſſure of the Air is taken off, the Ar 
in the Beer expands itſelf into large Globules, to which 
the Particles of Beer adhering on every dide render 
them too heavy to riſe from the Surface, and fly away 
in the Air. The Bubbles of Air being thus raiſed are, 
as it were, conglutinated or ſtuck together by the ad- 
heſive Quality of the Liquor; and thus riſe in great 


Quantities, the upper Part being raiſed and ſuſtain d by 


the Expanſion of that below. When the Air is let in, 
the Air-Bubbles contract, ſubſide, and retire within the 
Pores of the Fluid. In the ſame Manner Soap; Were 
Yeaſt, Oc. will riſe in a Head. 


16. The Sixteenth Experiment 7 is exhibiting the Pha- | 


nomena e, Boiling Mater in the exhauſted Receiver, To 
this End the Water muſt be as hot as the Finger can 
well bear when put under the Receiver. Upon exhauſt» 


ing, the Air- Bubbles will be ſeen. to riſe very ſoon, 
and at firſt very ſmall; they ſoon appear bigger, and at 
laſt are ſo large, and riſe with ſuch Rapidity, as greatly 


to agitate the Water, and cauſe it to appear in 


Circumſtances of Boiling; which Aꝑitation of the Wa; 
in, and then 
ill as at firſſ. 


ter will continue till the Air be let ina 
it will ceaſe, and all will be quiet and Ali 
Some People imagine the Water grows hotter by boil- 
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great Expanſion of a ſmall Quantity of 


Air in an emptied Bladder, when the Air 


ing under the Receiver, as it does over the Fire; not 


conſidering that Water boils only by the great Expanſion 
and Rarefaction of the Air it contains, from whatever 


Cauſe it proceeds, as from the Heat of Fire, from tak- 
ing off the Preſſure of the Atmoſphere by the Air- 
Pump, Ae. r E | | | Te 

17. The Seventeenth Experiment /hews, that a ſbriuel d 
Apple will be plump'd out, and made to look, fair, under 
the exhauſted Receiver. The Reaſon of which is the 
Expanſion of the Air in the Subſtance of the Apple, 


when the Preſſure is taken off from its Surface ; for 


though ſome Parts of the Skin be pervious to the in- 
cluded Air, (as appears by the little Streams rifing from 
the Pores of the Apple placed in Water) yet the 


oreateſt Part of the Surface is not, and will not there- , 


fore ſuffer the Air to paſs out, but will yield and ex- 
pand to its utmoſt Dimenſions, (and ſometimes burſt) on 


which all the Wrinkles diſappear, and the Apple puts 
on a youthful Face, till the Air be again let in, when 


it inſtantly returns to its former State of Decay and 
ſhrivel's Countenance. - - - | = 3 


* 4 


18. The Eighteenth Experiment exhibits the beautiful | 
Appearance of Air riſing fr om” all Parts, of a v, getab's . 


Subſtance very copioufly through the Water in Vacuo. F of 
when the Preſſure of the incumbent. Air is taken off, 


the Spring of the Air contain'd in the Air-Veſſels of 


Plants, will, by expanding the Particles, cauſe them 


to riſe from the Orifices of all the Veſſels, and that 
for a long time together, by which is ſhewn what a 


great Quantity of Air is contain'd in all vegetable 
dubſtances; and ſince it is ſeen to come out of the 


dides or all over the Surface of a Piece of Stick, as 


well as ſrom its tranſverſe Sections, it is a convinci 
Proof that the Texture of the Stems of Plants an 
Trees conſiſt of Veſſels in a longitudinal and alſo in an 
horizontal Poſition. re M Av 5 


7 * 


ot In M 


w 


* 


161 


162 


of Air. 
it will be found ſeveral times heavier than before; 
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is taken off from the external Parts in the 
Receiver. (2.) By the Extruſion of a Fluid 


19. The Minetesnth Experiment ſhews the Method of 


injecking a vegetable Subſlance with Quickſilver. Thus if 


2 Piece of Stick be cut even at each End with a Pen- 


knife, and immerſed in Mercury, upon pumping out - 


the Air from the Receiver it will at the ſame time come 
out of the Pores of the Wood through the Mercury, 
as will be viſible at each End. When che Air is let 
in again, it falls on the Surface of the Mercury, and 
forces it into the Pores of the Wood to poſſeſs the Place 
When the Wood is taken out and weigh'd, 


it will have changed its Colour, being now of a blueiſh 
Hue all over ; and if ſplit or cut tranſverſely, the Quick- 
filver will be ſeen glittering in all its Pores, and through 
every Part. | „„ 

20. The Twentieth Experiment is the breaking of a 
Bladder by the Weight of the Air. For if the Bladder 
be tied over one End of awropen Receiver, as the Air is 
exhauſting the Spring will be weaken'd, and give way to 
the Preſſure of the Air on the Bladder, in which Caſe 
the Bladder will put on a concave Figure, which will 
be nicely ſpherical ; and this will continue increaſing, 
till the Strength of the Bladder be overcome by the 
Preſſure, when it will break with a very great Report. 

21. The Twenty-firft Experiment it the breaking « 
Glaſs-Botile by the Preſſure of the Air, For this Purpoſe 
the Bottle ought to be of a ſquare Form, and not cy- 


lindrical or globular ; it ſhould alſo be not very thick, 
if ' ſmall. 
| in the Plate of the Pump, and the Air drawn out ; by 


Then the Bottle is ſcrew'd on to the Hole 


this means the Bottle ſuſtains the Preſſure from 'without, 
ſo long as its Strength will permit; then the Parts 
yield, and the Bottle is inſtantly reduced into very ſmall 


22. The Twenty: feht Experiment breaks a Bottle by 


the Spring of the Air. For the Mouth of the Bottle be. 
ing ſecurely ſeal'd up, ſo that no Air from within can 


out 
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of the Bubble of Air contain'd therein. 
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eſcape; it is put under the Receiver; and as the Air is 
drawn off from its Surface, the Spring of the Air in- 
cluded will take place, and act more and more forcibly 
againft the Sides of the Glaſs, which having now no- 
thing but its own Strength to defend it, as ſoon as that 
is overcome the Parts give way, and the Glaſs is burſt 
in ieee 3 | 2 
23. The Twentz-Third Experiment is to ſhew, that a 
Bladder being emptied of its Air, all to a very little, and 
then ſuſpended in the Receiver, the. little Portion of Air 
will expand itſelf in ſuch manner upon Exhauſtion, that at 
laſt it will diſtend and fill out the Bladder to its utmaſt 
Bulk, and make it appear as one full-blewn. The Rea- 
| ſon of which is apparent from what has been ſo often 
tepeated above; as alſo, of its contracting again when 
„ --:.o. 
24. The Twenty. fourth Experiment ſhews, that the 
Syringe will defcend from the ſuſpended Piſton in Vacuo, 
when the Hole at Bottom is fapbrde ans 4 ſmall Weight _ 
added to overcome the Friftion, If the Hole be ſto ped 
in the open Air, and the Piſton drawn up, it will be 
teſifted by the Preſſure of the incumbent Column of 
Air; but in Yacuo, where this Air is taken away, the 
Piſton may freely riſe; or, which is all one, the 8y- 
tinge may deſcend ; as it will, if a ſmall Weight be 
added to overcome the Frid ion of the Piſton, When 
the Air is let in again, it will be ſeen. to puſh up the 
Syringe. upon the Piſton again, m. 
25. The Twenty-fi xperiment ſhewws, that Water. 
riſes in Pumps; and Quickſilver in the Barometer, by the 
Preſſure of the Air enly. Fora Glaſs Tube being ſerew'd 
on to the above-mentioned Syringe, and immerſed in 
the Mercury in the open Air, if the Piſton be them 
lifted up, it will attenuate the Air contained in the Glaſs. 
by Tube, by giving it a greater Space to expand in, and 
„ by this means leſſen its Spring. The Preſſure then of 
in the external Air will raiſe ſo much Mercury into the 
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(3.). By the Expulſion of the White and 
Yolk of an Egg through a ſmall Hole in 


Tube, as its Weight added to that of the Spring of the 
included Air is an equipollent Force, and then an Equi- 
librium will enſue : But if the Mercury be placed un- 
der the exhaulted Receiver, and the Pi lifted up, no 
Mercury will then be ſeen to riſe ; which plainly ſhews 


the Cauſe, vi. the Air's Preſſure is in that Caſe taken 


away 


Air, by raiſing the Duck/eluer to the ſame Height. For 
if a Tube open at both Ends be cemented into a Glaf 
Vial, nearly fili d with Quickfilver, and placed under 
the exhauſted Receiver, .as the Air is gradually exhauſted 
you will fee the Mercury rife from the Vial into the 
Tube above the Pump, by the Spring of the included 
Air, to the ſame Height as it is in the Gage-Tube be- 
low by the Preſſure, and that during the whole Time 
of the Exhauftion. And this will always happen, let 
the Quantity of Air in the Vial be ever ſo ſmall, ot 
what it will; the Phænomenon depending not upon the 
Quaatity, but the Strength of the Spring. 

27. The Tiventy-Jeventh Experiment ſbes the Me- 
thod of mating an artificial Fountain in Vacuo, by the 
Air Preſſare. For this Purpoſe a very tall Glaſs Tube 
is hermencally cloſed on the Top, and at Bottom by 
means of a Braſs Cap ſcrew'd on to a Stop-Cock, and 
that to the Plate of the Pump; then, when all the 
Air is exhauſted, the Cock is turned, and taken off the 


Plate, and. immerſed in Mercury or Water: Then, 


upon turning the Cock again, the Fluid by the Preſſure 


of the Air will be ſeen very beautifully to play up in 


the Tube in the Form of a Fountain. 
28. The Twenty-Eighth Experiment fhews, that the 


Magnetic Virtue from the Stone, or ' a touch'd Piece of | 


Iron, affefts the Needle in Vacuo, in the ſame manner as 
8 the 


| 26. The Twenty-fixth Experiment Sers, that the 
Spring of the Air has a Force equal to the Preſſure of the 


 PxEvuanrics. 
the little End, by the Expanſion of the 


Air contained in the great End; and alſo, 


29. The Twenty-ninth Experiment /hews, that the At- 
tractian of Coheſion is the ſame in Vacuo as in the open 
Air. For this Purpoſe a large Glaſs Tube, drawn out 
into a very fine Capillary at Top, when filled with Wa- 
ter will ſuſtain it to a certain Height in the Air: If 
the ſame be placed under the Receiver, and the Air 
drawn out, the Water will remain ſuſpended as before ; 


which ſhews it to be wholly owing to the Force of 


Attraction. 

30. The Thirtieth Experiment Heros, that Bodies, 
which equilibrate each other in the Air, loſe their Equili- 
brium in Vacuo. Thus if a Piece of Lead at one End 
of a fine Balance, and a Piece of Cork at the other, 
are in Equilibrio in the Air, and thus placed under the 
Receiver, as ſoon as the Air begins to be exhauſted, ſo 
ſoon the Equilibrium will begin to be deftroy'd, till 
at laſt, when all the Air is taken away, the Cork will 


deſcend, and ſhew itſelf really heavier than the Lead. 


The Reaſon of which is evident from Hydroſtatic 
Laws; for both Bodies being weigh'd in Air, each 
would loſe the Weight of an equal Bulk of Air, conſe- 
_ quently the Cork will loſe a greater Weight than the Lead 
in the Air; and therefore when the Air is taken away, 
the Weight that is reſtored to it being greater than what 
the Lead has retrieved, will cauſe it to preponderate, 
or weigh down the Lead in Vacuo. And hence we ſee 
that a Pound of Feathers is really heauier than a Pound 
of Lead,' if weigh'd in the Air. 

31. The Thirty- Firſt Experiment ſhews the Air to be 
the Medium of Sounds. For if a Bell be ſcrew'd on to 
the Air-Pump, it will ring in the Air, and be heard 
under a thin e But when the Air is exhauſted, 


the Sound is not heard, which plainly proves it to be 


propagated by means of the Air; and this is farther 
evinced by letting the Air gradually into the Receiver, 
becauſe if, in the mean time, you keep ſhaking the Bell, 


N (4.) By 
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(4.) By raiſing up the Skin of the Egg 


(after 1 the Yolk 1 18 taken W, and one half 


the Sound will neſs in Progortion, as the Glaſs is 
fll'd with Air. 


22. The * ſecond Experiment ſhews, that the 


Air is nece eſſary for the Ex1 115 of Fire and Flame. 
lighted, and a Candle | 


Thus if Charcoal thoroughly 
burning, be placed under he Receiver, as the Air is 


exhauſted the Coals will begin to decline and die away, 
and the Candle will go out by Degrees. 


33. The Thirty-third Experiment ſhews the Rik of : 


Va pours and Smoke to be uo, tothe Air becauſe when 
the Air 1s taken away, the 


as to obſcure the Receiver, begin to fall when the Air 


becomes greatly attenuated ; and the wg var which at 
firſt roſe from the Candle extinct, now begins to de- 


ſcend ; and when the Air is all exhauſted, the Receiver 
becomes quite clear, and free from all Appearance of 
Smoke or Vapour. Hence, by the way, we fee the 
Reaſon why, when the Air grows lighter, it lets fall 
the Vapours, and the Weather becomes miſty, hazy, 
and wet or rainy. 


34. The Thirty-fourth Experiment ſhews the Exploſion 


of Gunt oꝛoder is owing to the Air. For if it be kindled 


in Vacuc, the Air, that ſo ſuddenly expands itſelf from 
the Powder and gives ſuch a Shock to the common 
Air, now finds none to encounter, and ſo makes no 
ſenſible Appearance, otherwiſe than by the ſinking of 
the Mercury a little in the Gage by its Spring. 


35. The Thirty fifth Experiment ſhews how Hale's 


are produced by refratied Light. Thus if a Candle be 


held on one Side of the Receiver, and the Eye placed 


at ſome Diſtance-on the other, as ſoon as the Air be- 
gins to be exhauſted, and becomes attenuated and re- 


pleted with Vapours to a proper Degree, the Light « of 
the Candle will be refracted through that Medium in 


Circles of various Colours, very much reſembling thoſe 


ſeen about the Moon i ina hazy Air at Night. 
of 


apours, which at firſt riſe 
very plentifully from the wet Leathers of the Plate fo 


of the Shell) by the Expanſion of the ſaid 
included Bubble of Air, fo as almoſt to fill 


36. The Thirty-/ixth Experiment ſhews how the Lungs 
of an Animal are aſfectad in Vacuo; in what Manner it 
dies, and 1s revived again. For this Purpoſe a ſmall 
Bladder is tied to a Pipe, and ſcrew'd into a Bottle, 
which then repreſents the Lungs in the Thorax. This 
Pipe is perforated quite through to the Bladder, and 
is therefore analogous to the Trachea or Wind-pipe. 
The Air confin'd in the Bottle about the Bladder is in 
the ſame Circumſtances with that in the Breaſt about 
the Lungs. When this Apparatus is placed under the 
Receiver, one or two Exſuctions will attenuate the Air 
in the Receiver and Bladder, upon which the Sprin 
of included Air in the Bottle will compreſs the Bladder, 
as that in the Thorax does. the Lungs; and a few more 
Turns will cauſe the Bladder to be compreſs'd to- 


gether. The Lungs being thus compreſs'd, the Animal 11 
is ſenſible of · a prodigious Weight, the Circulation of | 
the Blood through the Lungs is ſtopped, the Creature 


is all over convulſed, and at laſt expires in the greateſt 
Agonies of a moſt cruel Death. When the Air is let 
in again, the Bladder gradually expands, as do the 
Lungs of the Animal; and if it has not lain too long, 
the Blood will again paſs through them, and the Ant- 
mal will recover its ſuſpended Life. | PRE 
37. The Thirty-ſcventh Experiment ſbetus Air to be 
abſolutely neceſſary to mg Sorts of Animals. This we do 
by exhauſting the Air from a Cat, a Rat, a Mouſe,. a 
Bird, Sc. which ſoon die in the Manger above deſeribed. 
It is not always, indeed, that Gentlemen can thus Tuf- 
fer their Curioſity to get the Aſcendant fo far over their 
Humanity, as. to deſire fo ſhocking a Spectacle. The 
Ladies (greatly to their Honour) ſhew more Conſide- 
ration, in generally voting againſt it. 
38. The Thirty-eighth Experiment ſh:ws Air is not 
abſolutely wear) to the Life of ſome Animals: For it is 
well known that pumping the Air from a Toad, an Eel, 
2 Viper, and all Sorts of Inſects, ſeems not immedi- 


M4 the 


and ſickiſh at gelt; but 


; deferid equally fwift in Vacuo. 
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the Half-Shell. 
Images filld with Water, fo as to make 


ately to affect them. 1 ndeed, the winged Tnſects cannot 
Aly, but they will crawl and run about very briſkly. Some 


ſay Fiſh will die for want of Air; I confeſs I never 


could kill any. They ap appear greatly difturb'd, ſwoln, 
Hawhkesby ſays he has kept 

them a Week in Ponds and 'the rea their firſt 
Illneſs, and were at the Week's End as lively and alert 
as thoſe Which had been kept as long in the Air. 

39. The Thirty. Ninth Experiment ſhews no Winged 

Animal can fly without Air. For this Purpoſe a large 


Butter- fly is a proper Subj ect, for as ſoon as it is put 


under the Glaſs it will fl and flutter about, but when 


the Air is taken away, nothing more of that kind is 
Tet, tn fine Silk be tied about one of the Horns of 


this Animal, and it be thus ſuſpended in the Middle of 


the Receiver; it will at firſt fly towards every Side of 


the Glaſs, but when the Air is exhauſted, it cannot get 
out 'of the perpendicular Poſition into which it is brought 
by its Gravity, though” it will be conſtantly endeavour- 
ing to do it. 

40. The F/rtieth Experiment is that of Aduft or Burnt 
Air; his Alt is brought into the Receiver through the 
Fire Landif a Candle be put down into it, it inſtantly goes 
out, and will do ſo for many times together; but every 
time the Candle burns longer than before; which ſeems 
to he, that this Air is ſomewhat of the ſame Nature 


_ with'that in Mines, commonly call'd Damps, and is, 


like that, purified again by Fire. 


41. The Forty Firft Experiment ſbetos that Aduſi Air 
is inſtart Death to meſt Seris of Animals. Thus a Spar- 
| Tow put into this Air "tumbles down with a kind of 


ertigo, is convulſed,” and dies directly; much after 
the ſame Manner as Men fall down dead in the conta- 
minateg Air of Mines, deep Wells, Se. 
22. The Prty-ſecond Experiment ſhews that all Bodies 
Thus a Guinea and 
F ache Jer fall from the Toy of a tall exhauſted Re- 
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them juſt fink in Water, will, upon ex- 
hauſting the Air from the Surface, riſe to 


ceiver, come down to the Bottom in the ſame time, or 
both together. But when let fall from thence in the 
Air, the Feather will deſcend much flower than the 
Guinea, and with an oblique or indirect Motion. 

43. The Forty- third Experiment ſhews all Fermen- 
tation and Putrefaction depend on Air. Thus Apples, 
Pears, Plums, Cherries, &c. which in the Air ſoon 
grow mellow, putrid, and rotten, will, if kept in an 
exhauſted Receiver, placed under Water, be preſerv'd 
a long time untainted, appear freſh and in their native 
Bloom. Thus Eggs alſo, which in the Air ſoon grow 
ſale, putrid, and addle, will in Yacus retain their Good- 
neſs, and be fit for uſe after a great while. Which is 
the Reaſon why many People keep them in Pots of 
Butter, Lard, &c. to preſerve them from the Air. 

44. The Forty- Fourth Experiment ſhews how neceſſary 
Air is for the Germination and Growth of Plants and Ve- 
getables. For if the ſame Seed be planted in two diffe- 
rent Pots of Earth at the ſame time, and one of them 
be kept in an exhauſted Receiver, the Difference be- 
tween the Appearance and Growth of each will be ſuf- 
iciently ſenſible to any that ſhall try the Experiment. 

45. The Forty-Fifth Experiment fhews, that the Mrit- 
ing made with Phoſphorus upon Paper, laid on the Plate of 
the Pump, will in Vacuo appear luminous, and not be 
extinguiſh'd like common Fire. It will alſo fend up 
lucid Fumes or Clouds to the Top of the Receiver. 

46. If the Paper be wetted by Patches, en which the 
Lines hade been drawn with Ph:ſphorus, inſlead of a 
Chud it 111) give Flaſhes in Vacuo. For theſe Experi- 
— with Phoſphorus the Room ſhould be made very 
ar " STS ; 5 1 | £5 8 | 

47. The Forty. Scuenth Experiment ſtews, that upon 
ime Chemical Mixtures a ſirens Efferveſcency, Ebulition, 
and Accenſion will happen in Vacuo. Thus, if to an equal 
(but ſmall) Quantity of Vitriol, Oil of Tartar per De- 
iqutum, and Oil of Cloves, you put two or three ſmah 
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the Top of the Veſſel. (6.) Alſo 2 
Bladder fill'd with Air, and juſt made to 


Pieces of Phoſphorus, the Mixture will take Fire: iq 
the open Air, and is put out by the Addition of a little 
Water. 


x] It will not only ſhine, but boil up into à 
Flame in Pacus. 5 


48. Melted Lead, and other Metals, ſet to cool in Va. 


cuo, have their Surfaces concave ; whereas they are con- 
vex in the open Air. The Reaſon of which is the ſame 
as of the Expanſion of Water when it congeals into 
Ice. Thus Ice becomes ſpecifically lighter than Wa- 
ter, and ſwims in it; as any ſolid Metal is ſpecifically 
lighter than when melted : Thus a leaden Bullet ſwims 
in melted Lead. What Agent Nature employs in the 
Affair of Congelation, is perhaps as yet unknown to 
Mortals; but whatever it be, *tis certain that one Part 
of its Operation is to ſever the Particles, and fix them 
at a greater Diſtance from each other in the fixed, than 
they are in the fluid State. | | 

_ 49: The Chemical Proceſs of Cryſtallization will nt 
fuccred in Vacuo. If Salts be mixed with Water and 
evaporated to a Pellicle, and then placed under an ex- 
hauſted Receiver, and ſet in a cool Place as uſual, it 
will not ſhoot into Cryſtals, as in the open Air it rea- 
dily will. 1 | | 

50. The Fiſtieth Experiment ſhews, that if a Piece 
of Wood be cemented in the lower Part of the Neck of 
the open Receiver, and Mercury be poured upon it, at- 
ter two or three Exhauſtions the Preſſure of the Air 
will be ſo great on the Mercury, as to cauſe it to de- 
ſcend through the Pores of the Wood in Form of x 
beautiful Shower; which will fhine (if it be well 
cleanſed and the Weather dry) in a dark Room. The 


Air alſo will follow the Quickſilver through the Pores 


of the Wood, and cauſe the Gage to ſink, 
51. To theſe Experiments of a Vacuum, I ſhall add 
the following Particulars relating to the CONDENSATION 

Veſſel ought: to be vel 
ſtrong to bear the Force of the Air's Spring thus in: 
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ink with a Weight, will, upon Exhauſtion, 
ſoon riſe by the Expanſion of the contain d 


creaſed ; for which Reaſon they are generally meds of 
Braſs. (2.) If Glaſs be uſed for a Condenſer, it will 
not indeed ſuffer ſo great a Degree of Condenſation, 


but the Experiment will be pleaſanter, by viewing the 
Subject placed in the condenſed Air. (3.) The Spring 


of the Air will be greater in proportion to its Condenſa- 
tion, and therefore (4.) T he Sound of the Bel] will be 
twice and thrice as loud as in the common Air, if the 


Air be made twice or thrice as denſe by Injection. 8 Þ 


A round Vial will be broke by condenſed. Air, that could 
not be broke by the Preſſure of the common Air.. (6.) 
Though Animals ſoon die by, not having the natural 
requifite Quantity of Air, yet they. will not be eaſily 
kil'd by having that Quantity increaſed by Condenſa- 
tion. (7.) If Air be condenſed upon Water in a Bottle, 
it will cauſe it to ſpout through the Tube of Commu- 
nication to a very great Height, viz. to 30 Feet, if 


and ſo on. (8.) A Bladder, that will ſuſtain the Spring 
cf common Air, will be broke by the Spring @f con- 
| denfed Air. In ſhort, the Force of condenſed Air 
muy be ſo far increaſed, as to countervail or antagoniſe the 
preateſt Power of Nature that we can apply. 05 ) Wa- 
ter with Air condenſed upon it will conceive a much 

greater Degree of Heat than in the common Air, 
where it will boil much ſooner than in condenſed Air. 
lo.) So great may the Degree of Heat acquired in 


therefore Veſſels. ſhould have their Parts put together 
with hard Solder, that are uſed about theſe Experi- 
ments, 


Ait and Steam it is that we account for the prodigious 
Effects of Papir's Dios ER in diſſolving Bones and 
teducing them to a Jelly, ſo as to become a, wholſome 


i | metalline Veſſe}, with a Cover, which is taff, and 
| : Air: 


only one Atmoſphere be injected; to 60 Feet, if two; 


Water this. Way be, as to melt ſoft Solder; and 
52. From this vaſt Power of confined and elaſtic 


ind ſavoury Diet; for Which Purpoſe they are put into 
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Air. . (7.) The Spring of the Air will ſhew 
itfelf alſo by raiſing heavy Weights laid 
on a Bladder, half fill'd with Air, in a 


proper Veſſel under the Receiver. (8.) 
Beer, Cyder, Water, and porous Bodies, 
do emit great Quantities of Air under the 


exhauſted Receiver. (g.) Fiſhes are made 


ſo light or buoyant by increaſing the Spring 
of the Air in their Bladders, upon Ex- 
| hauftion, that they rife to the Top of the 
Water, and cannot again deſcend to the 


Bottom. (10.) Shrivel'd Apples are made 


to look fair and ſmooth by the Spring of 
the contain d Air filling out the Wrinkles, 
 (k7.) The Spring of the Air in a ſquare 
Bottle, cemented cloſe, will immediately 
burſt it in Pieces, upon exhauſting the in. 


cumbent Air. (12.) But that curious Ex 
periment which ſhews the Force of the 
Spring of the Air to be equal to its Weight 


ſtrongly ſcrew'd down, and Air:tight. The Digeſter 
nearly fill'd with Water and Bones is ſet over a gentle 


Fire, which by Negrets rarefies the Water into Steam, 


which with the included Air in a ſhort Space of Time 
acts upon the Bones with ſo great an Energy, as to 
effect their utter Diſſolution, and cauſe them to mix 
and incorporate ſo intimately with the Water, or Broth, 
as to make a perfect Coagulum or Jelly when all is 
cold, which may be then ſliced out with a Knife. They 
who would ſee more of the wonderful Effects of this 


Inſtrument may conſult the Author's own Book upon 


the Subject. 
"7 0 
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or Preſſure, is by raiſing the Mercury, by 
the Expanſion of a ſmall Quantity of con- 
fined Air, to the ſame Height in an ex- 
hauſted Tube above the Pump, as that 
which it is raiſed to in the Mercurial Gage 


by the Freſſure of the Ry be- 


low it. c 

THe great Action of animal BY VIZ. 
Breathing by Inſpiration and Expiration of 
Air, is owing to the Preſſure and Spring of 
the Air conjointly, as is evident by the 
Contrattion and Expanſion of a Bladder in a 
ſmall Receiver, with a Bladder tied on at 
Bottom to repreſent the Diaphragm. 


Hxxcx the Neceſſity of Air for Reſpira- 


tim and animal Life in moſt Sorts of Crea- 


WH tures, which die very ſoon in the exhauſted 
"WI Recazwer Though ſome Animals will not 


be kill'd in this manner; as Flies, Frogs, 
Trads, ſome ſort of Fiſhes, &c. | 


Reſpiration, 1s ſhewn by the ſudden Death 
therewith, Alto Candles and living Coats, 
out. Hence the noxious and peſtilential 


tons, ſo frequent and fatally experienced 
in Mines, and other ſubterranean Places. 
Tuar 


Trar Air paſſing through the Fire, and 
heated Braſs Tube, is unfit for animal 


of any Animal put into a Receiver fill'd 
put into this aduſt Air, immediately go 


Qualities of Damps and ſuffocating Exhala- 
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Tuar Air in its natural State is neceſſa. 
ry for Fire and Flame, is obvious from the 

| ſudden Extinction of a Candle, a live Coul, 
Tcc. in the exhauſted Receiver. Alſo Gun. 
powder fired therein will not take Flame, 
or be exploſive, but melt and die away; 

Tux the different Velocities with which 


is owing to the Air's Reſiſtance only, is 
manifeſt from the equal Velocity or Swift- 
neſs with which all Bodies deſcend in the 
exhaufied Receiver, as is ſhewn in the Ex. 
periment with a Guinea and a Feather. 
Alk is likewiſe neceſſary for the Exiſt- 
ence and Propagation of Sounds; fer a 
Bell placed under the Receiver, and rung, 
will not be heard when the Air is drawn 
out; but in condenſed Air, the Sound will 
be augmented in W e to the Con- 
denſation. 
rr Rmeniars on, PutrefaBlion; Kc. 
depend on the Air, and are promoted by 
it, is ſhewn by preſerving the Fruit m 
their natural Bloom and Perfection thro 
the Winter in an exhauſted Glaſs, = 
Tur Uſe of the Diving- Bell depends on 
the Preſſure and Spring of the Air: For 
ſince the Space which Air takes up is 0 
F, as the Power compreſiing it, tis 
une 
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evident that at the Depth of 33 Feet of 
Water, where the Preſſure of the Atmo- 
ſphert 1s doubled, the Bell will be half 
fill'd with Water, at the Depth of 66 Feet 
it will be two Thirds fill'd ; at the Depth 
of 99 Feet it will be three Fourths fill'd ; 
and ſo on. Whence appears the N eceſſity 
of having the Veſſel in the Form of a 
Bell, that the perpendicular Height of the 
Water may be as little as poſſible. Hence 
alſo we ſee how neceſſary it is to have a 
very gentle Deſcent of the Bell, that the 
Divers may have Time to admit the Air, 
ſo greatly condenſed, by proper Degrees, 
leſt it ſnould burſt the fine Veſſels of their 
Bodies, and kill them: Together with ſe- 
veral other Particulars relating to the Na- 
ture and Manner of uſing this Machine, 
which will be more 8 explain d in the 
Note below. (XCIN). ; 


(cl.) 1 1. That the Reader may have a juſt Idea of 

e Campana Urinateria or DivixG-BELL, according 
to the lateſt Imptovements by Dr. Halley and Mr. Trie- 
wald of Stockholm, I have here exhibited two Figures of 
the ſame, The firſt is that of Dr. Hallys e which 
was 3 Feet wide at Top, 5 Feet at Bottom, and 8 Feet 
high; and contain'd about 63 Cubic Feet, or near 8 
Hogſheads, in its Concavity. 

2. This was coated with Lead, fo heavy that it would Plate 

tak empty ; and the Weight was diſtributed about the XXIX. 
Bottom I K, that it would go down in a perpendicular Fig. 4. 
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Tar Spring of the Air is moſt evidetitly 


concerned in that Chirurgical Operation 


Poſition and no other. In the Top was fixed a ſtrong 
but clear Glaſs D, to let in the Light from above; ang 


likewiſe a Cock, as at B, to let out the hot 1 that 


had been add : and below, at LM, was fixed a 


circular Seat for the Divers to fit on; "and laſtly, from 
the Bottom was hung, by three Ropes, a Stage for 
the Divers to ſtand upon to do their Buſineſs. This 
Machine was ſuſpended from the Maſt of a Ship by a 
Sprit, which was ſufficient] IT ſecured by Stays to the 
Maſt-head, and was directed by Braces to carry it over- 
board clear of the Side of the Ship, and to bring it in 
again, 

25 To ſupply the Bell with Air under Watet, 
two Barrels, ſuch as C, of about 63 Gallons each, 
were made and caſed with Lead, ſo that they might 
ſink empty. each having a Hole in its loweſt Part to 
tet in the Water, as the Air in them is condenſed in 
their Deſcent, and to Jet it out again when they were 


drawn up full from below. And to a Hole, in the Top 


of the Barrels, was fixed a Hoſe or hollow Pipe, well 
prepar'd with Bees-Wax and Oil, which was long 
enough to fall below the Hole at the Bottom, being 
ſunk with a Weight appended, ſo that the Air in the 
upper Part of the Barrels could not eſcape, unleſs the 
lower Ends of theſe Pipes were firſt lifted up. 

4. Theſe Air-Barrels were fitted with Tackle, pro- 
per to make them riſe and fall alternately, like two 
Buckets in a Well; in their Deſcent, they were directed 
by Lines faſten'd to the under Edge of the Bell to the 
Man ſtanding on the Stage to receive them, who by 
taking up the Ends of the Pipes above the Surface of 
the Water in the Bell, gave Occaſion for the Water in 
the Barrels to force all the Air 3 in the upper Parts into 
the Bell, while it enter'd below, and fill'd the Barrels. 
And as ſoon as one was diſcharged, by a Signal given, 


it was drawn up, and the Nen "deſcended, to be 20 
for Uſe. | 


We 
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we call Cupping; for when a Vacuum "oo 
made by a Syringe: in the Cupping-Glaſs 


5. As the cold Air ruſh'd'into the Bell from the Bar- 
tel below, it expell'd the hot Air (which was lighter) 
through the Cock B, at the Top of the Bell, which 
was then open'd for that Purpoſe: By this Method, 
Air is communicated . ſo quick, and in ſuch Plenty, 


that the Doctor tells us, he himſelf was one of five 
who were together at the Bottom, in nine or ten Fa- 


thoms Water for above an Hour and an half at a Time, 
without any Sort of ill Conſequence ; and he might 


have continued there, as long as he pleaſed, for any 
thing that appeared to the contraty. 


6. In going down, tis neceſſary it ſhould be very 


gently at that the denſe Air may be inſpired to 
keep up, by its Spring, a Balance to the, Preſſure of 
the Air in the Bell. Upon each 12 Feet Deſcent, the 
Bell is ſtopp'd, and the Water that enters is driven out 
by letting in three or four Barrels of freſh Air. By 
this Means, the Doctor ſays, he could (by taking off 


the Stage) lay the Bottom of the Sea, juſt within the 


Compaſs of the Bell, ſo far dry, as not to be over 
Shoes thereon. _ | 

7. By the Glaſs above ſo much Light was tranſmit- 
tedgwhen the Sun ſhone, and the Sea was clear and 
even, that he could fee perfectly well to write and read, 
and much more to take up any Thing under the Bell; 
and hy the Return of the Air-Barrels, he could ſend up 
Orders, written with an Iron Pen, on ſmall Pieces of 


Lead, direQing they were to be moved from Place to 


Place. 


8. But in dark Weather, when the Sea was rough 
and troubled, it would be as dark as Night in the Bell; 
but then the Doctor found he could keep a Candle burn- 
ing in the Bell, as long as he pleaſed ; it being found 
by Experiment, that one Candle conſumes much about 
tie ſame Quantity of confined Air as one Man does, 
diz. about a Gallon per Minute. 


„ I applied 


. 
applied to any Part, the Spring of the Air 
in the Fleſh under the Glaſs does ſtrongly 


PannUMATICS. 


9. The only Inconvenience the Doctor complain'd 
of was, that upon firſt going down they felt a ſmall 
Pain in their Ears, as if the End of a Quill were 
forcibly thruſt into the Hole of the Ear. This 
proceed from its being fome Time before the Air can 
get from the Mouth, through the ſmall Canal of the 
Euflachian Tube, which leads to the inner Cavity of the 
Ear; where, when it comes, it makes an Equi ibrium 
with the outward Air, preſſing on the Tympanum, and 
thus the Pain, for a ſhort Fime, ceaſes ; then deſcend- 
ing lower, the Pain of the Ears returns, and is again 
abated z and fo on till you come down to the Bottom, 
where the Air is of the ſame Denſity continually, _ 

10. One. of thoſe Divers (who thought to out-wit 
Dame Nature for once) put a Piece of chew'd Paper in 
his Ears, which, as the Bell-deſcended, was fo forcidly 
preſſed into his Ears, that it was with great Difficulty 
the Surgeon could extract it. Thus a Bottle with only 
common Air in it, and cork'd down tight, if it be let 
down to a conſiderable Depth of Water, will be found, 
upon drawing it up again, to have had the Cork forced 
in by the Preſſure of the Water at that Depth. 


11. This Bell was fo far improved by the Dagtor, 


that he could detach one of his Divers to the Diſtance 


of 80 or 100 Yards from it, by a Contrivance of a 


Cap or Head-picce, ſomewhat like an inverted Hand- 
Baſket, as at F, with a Glaſs in the fore Part, for him 
to ſee his way thro', This Cap was of Lead, and made 
to fit quite cloſe about his Shoulders; in the Top 
of it was fixed a flexible Pipe communicating with the 
Bell, and By which he had Air when he wanted, by 
turning the Stop-Cock near his Head-piece, There 
was alſo another Cock at the End in the Bell to pre- 
vent any Accident happening from the Perſon with- 
Out. +, | | 7 | > f "Was 3 
12. This Perſon was always well clothed with thick 
Flannels, which were warm d upon him before he leſt 
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act, and by that means cauſes, the Fleſh to 
diſtend and ſwell into the Glaſs, while the 


the Bell, and would not ſuffer the cold Water to pe- 


ferve him a Minute or two; then by raiſing himſelf 
above the Bell, and turning the Cock F, he could re- 
pleniſh it with freſh Air. This Pipe be coil'd round 
his Arm, which ſerved him as a Clue to find his, Way 
to the Bell again. | ” „ | 


from Mr. Martin Triewald, F. R. S. Captain of Me- 
chanics and Military Archilecture, to his Swediſh Ma- 


jelly; the Manner and Form whereof is ſhewn in a 
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.netrate to hurt him. His Cap contain'd Air enough to 


13. This Diving-Bell receiv'd its laſt Improvement 


Plate 


Figure of his own drawing, A, B, is the Bell, which, XXIX. 


as appears by the Scale of Feet under it, is much leſs 
tan Dr. Tlalbyys, and therefore will come cheaper. It 
is ſunk with leaden Weights D. D, appended at the 
Bottom ; the Subſtance of the Bell is Copper, and tinn'd 
within all over; and as in the Rivers and Coaſts of the 


Fig. 5. 


Baltic Sea, the Water is very clear, ſo he has illumi- 


nated the Bell with three ſtrong convex Lenſes G, G, G, 
with Copper-Lids H, H, H, to defend them. 


14. The Tron Ring, ot Plate E, ſerves the Diver to 


: WH fuch a Diſtance from the Bottom of the Bell, that when 
the Diver ſtands upright, his Head is juſt above the 
Water in the Bell, and it is much better there than 


- 

n bigher up in the Bell, becauſe the Air is colder, and 
je WY conſequently more freſh and fit for Reſpiration near 
" W af the Water, than towards the Top of the 
he . | 


15. But when there is Occaſion for the Diver to be 
wholly in the Bell, and his Head of Courſe in the up- 
per Part, Mr. Trietwald has contrived, that even there, 
hen he has breath'd the hot Air as long as be well 
an, by means of a ſpiral Copper Tube 6, e, placed 
loſe to the Inſide of the Bell, he may then draw the 
woler and freſher Air from the lowermoſt Parts; to 
Wach End, a flexjble Leather Tube, about two Feet 


N 2 Preſſure 


ſnd upon when he is at Work; and it is ſuſpended at 


ParEVMATIES. f 
Preſſure of the Air on the Parts without 
the Glaſs accelerates the Motion of the 
Blood and Fluids, towards the Part where 
it is diminiſhed or taken off by the Glaſs. 
Sick we know that Heat augments the 
repellent Power in the Particles of a Fluid, 
and by that means increaſes its Elaſticity, * 
and thereby cauſes it to expand itſelf into 
a large Space; and that Cold has a quite 
contrary Effect; we learn the Uſe of the 
THERMOMETER in indicating the various | 
Degrees of Heat and Cold in the Air, by the 
different Altitudes of the Spirit of Wine in 
that Inſtrument. (XCIII). = 
long, is fixed to the upper End of the Tube at b, to 
the other End of which is a turned Ivory Mouth: piece, 
for the Diver to hold in his Mouth, to reſpire the Ait 
from below by; and this he may do in any Poſture df 
ſtanding, ſitting, bowing his Body, ccc. 
16. I muſt not omit in this Place to mention the Inven · 

tion of a Gentleman at Newton- Buſbel in Devonſbire, wbo 
cContrived a large Caſe of ſtrong Leather, to hold about 
Half a Hogſhead of Air, and made it 1 80 Water- tight, 
adapting to it proper Parts for his Legs and Arms, witk 
a Glaſs before; ſo that when he put himſelf into this 
Caſe, he could walk very eaſily about at the Bottom of 
the Sea, and go into the Cabin, and other Parts of 4 
Ship in a Wreck, and deliver out the Goods; and this 
Method he practiſed forty Vears, and thereby acquired 
a large Fortune, and equal Fame. 3 a 
(XCIII.) 1. A TyteRMomETER being deſfign'd to 
indicate the, various Degrees of Heat and Cold by the 
_ elaſtic or expanſive: Power of Bodies of the Fluid ſort, | 
fo many Ways, Methods, and Forms of conſtructing 
uch an uſeful Inſtrument have been thought of, and 
+ LE. invented 
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invented at ſeveral Times for this Purpoſe ; at firſt Air, 
then Oil, then Spirits f Wine, and laſtly Duickilver 
have been every Way attempted and tortur d in this 
Experimen r. 5 8 
2. The Spring of Air being ſooner affected by Heat 
and Cd than that of any other Fluid, was firſt thought 
upon as the beſt Expedient to anſwer this End; and ſo 
it really would be, were it not that the Weight or Preſ. 
ſure of the Atmoſphere affects it alſo at the ſame time; 
and by acting ſometimes with, ſometimes againſt it, 
renders the E by Heat or Cold very uncertain, and 
therefore the Inſtrument uſeleſs. For Example: The 1 0 
Air in the Bottle A F will, by its Expanſion, when the Plate 


Air grows warmer, raiſe the Water higher in the Tube XXIX. 
than the Point H, and if the Air be lighter at this Fig. 1. 


time it will preſs leſs on the Surface of the Water at H, 
and fo will ſuffer it to riſe ſtill higher. But if the Air 
be heavier it will act againſt the Spring, and not permit 
it to raiſe the Water ſo high. The ſame may be ob- 
ſerved with reſpect to its Contraction by Cold; where- 
fore ſuch an Inſtrument, for common or conſtant Uſe, 
will not do at all, though perhaps none is better cal- 
culated for ſome extemporaneous Uſes, as meaſuring the 
Degree of Coldneſs in different Cellars, or of Warmth 
in divers Rooms upon the ſame Floor. 

3. It was upon this Account found neceſſary to have 
Recourſe to ſome other Fluid, which, ſecured from the 
Preſſure of the Air in a Tube hermetically ſeal'd, might 
expand and contract ſolely by the Heat and Coldneſs of 
the Air about it. And becauſe moſt Fluids ate ſubject 
to freeze or thicken in great Degrees of Cold, it was 
ſoon conſider'd that Spirits of Wine, a little tinged with 
Cochineal would beſt anſwer the Purpoſe, and accord- 
ingly Thermometers were generally made there with, 
and became of common Uſe. 22 
4. Though the Spirit of Wine Thermometers would 
do very well to ſhew the comparative Heat of the Air, 
yet. this was far ſhort of the Virtuoſo's Views, who 
wanted to explore the various and vaſtly different De- 
grees of Heat in other Bodies, as Boiling Water, boiling 
Oils, melted Metals, and even Fire itſelf, and Degrees 
ef Cold too, beyond what the Spirit Thermometer can 
ig © | N 3 | ſhew. 


182 


PN EU MAT IS. 
ew. For Spirit in a moderate Degree of Heat will 


burſt the Tube; and in an intenſe Degree of Cold will 
freeze, as the Frinch Philoſophers found, who went to 


meaſure a Degree upon the Surface of the Farth under 


ge Norih Polar Circle. 
It having been found by Experiment, that Linfeed 


Oil required four times the Degree of Heat to make it 
| boil as Water did, it was quickly ſubſtituted inſtead of 


Spirits for Philoſophic Uſes. This Sir 1/aac Newton al- 
ways uſed, and by it diſcovered the comparative Degree 
of Heat which makes Water boil, which melts Wax, 
which makes Spirit of Wine boil, and melts Tin and 


Lead; beyond which we do not find the Oil Thermo- 


meter has been applyed; for which reaſon. (as alfo 
for its ſully ing the Tube) it has been leſs uſed of late, 


and given way to. 


6. The MERCURIATL THERMOMETER which wil 
ſuſtain any Degree of Heat or Cold, as far as any In- 
ſtrument of this Kind can be expected to do. Mr. Fa. 
rer heit of Amſlerdam, was the Contriver of this Ther- 


mometer, and though ſeveral Artificers made them as. 


well as he, yet they ſtill go by his Name. Dr. Boer- 
haave uſed only this Thermometer. As the Mercur 

very freely and uniformly expands itſelf from hard Fro 
to the Heat of Summer, ſo one Sort of thoſe Ther- 
mometers are contrived with a Scale, to include thoſe 
Extremes only, and the Beginning of the Diviſions, or 
©, is fixed to that Altitude of the Quickſilver, as is ob- 
ſerved when Water juſt begins to freeze, or Snow to 


thaw ; for which reaſon that is call'd the Freezing Point 


in the Scale. This Thermometer is ſmall, ſhort, put 
in a neat Frame, and carried in the Pocket any where. 
7. But the Grand Thermometer of FaRENHEIT is 
graduated aſter a different Manner, as deſtin'd to a 
more critical and extenſive Uſe. In this the Bulb, or 
large Part at the Bottom, is not ſpherical (as in com- 


mon ones) but </indrical, to the End, that the Heat 
may penetrate and reach the inmoſt Parts as ſoon as 


poſſible, ſo that the whole may expand uniformly to- 
gether. Hence it is, that in the cylindric Bulb, the 


Fluid will expand and riſe immediately, whereas in the 


ſphrrical Bulb, it is ſeen 5 to fall (dy the ſudden 
© ak 


* 8 8 7 . K 55 5 
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Expanſion of the Ball, before the Fluid is heated) 
and then to riſe, by the Expanſion of the Fluid when 


heated. I have here given a Figure, both of Farenbeil's Plate 
Mercurial Thermometer, and alſo of Sir 1faac Newton's XXX. 


made with Linſeed Oil. Fi 

8. I take this of Sir Iſcac's to be the beſt fitted of 
any for a Standard Weather Thernumeſer; and even for 
any Degree of Heat which the various States of the 
human Body exhibit ; ; and alſo for thoſe different De- 
grees el Vegetation requires in the Green Houſe, 
Hot- Bed; c. In all which Caſes tis neceſſary there 
ſhould be one common, unerring, and univerſal Mea- 
ſuße, or Standard, which at all times, and in ev 

ace, will ſhew the ſame Degree of Heat, by the ſame 
Expanſion of the Fluid, according to which the Scale 
Goule be made in every Standard Thermometer. 

9. In order to this, the Tube propoſed ſhould be 
very nicely weigh'd when empty, and then the Bulb, 
and about a tenth Part of the Length of the Tube 
| above it, is to be fill'd with Quickſilver; then it is to 
be weigh'd again, and the Exceſs of this, above the 
former Weight, will give the Weight of the Quickſilver 
pour'd in; this will give the Weight of 1 codth Part. 
Let a Mack be made with a File upon the Tube at the 
Surface of the incloſed Quickſilver. 

10. Then weigh out 9 or 10 Parcels of Quickſilver, 
each equal to 1codth Part of that firſt put in the Tube, 

and havihg pour'd the ſeveral Parcels in one after ano- 
ther upon the incloſed Quickſilver, and marked the 
Tube ſucceſſively at the Surface of each Parcel, you'll 
have the Tube divided into proper Intervals, which, 

if the Bore of the Tube be every where the ſame, will 
be equal to each other; if not, they will be unequal ; 
and each of theſe Intervals is to be divided into 10 
others, increaſing or decreaſing as the Intervals do. 

11. When this is done, the Capacity of the Tube 
is divided into ator e Parts of that of the Ball, 
and the contiguous Part of the Tube reaching up to the 
firſt Mark. The Tube is now to be put into a Frame, 
and 'by the Side of it is to be placed a Scale, divided 
into 7. Taft Parts, 1 correſponding to thoſe, 

4 + on 
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on the Tube; and writing 1000 over- againſt the firſt 


Mark, you write 1010 over-againft the ſecond, 1020 
againſt the third, and ſo on, as you ſee in the Figure, 

12. The Standard Thermometer- Tube, and its Scale, 
being thus conſtructed, is then to be fill'd with ſome 


proper Fluid, as Linſeed Oil, where great Degrees of 


Heat are not propoſed ; and Mercury is to be uſed, 


when they are. When the Fluid is poured in, it is to 


be adjuſted in ſuch a Quantity, that it may ſtand juſt 
at the principal Point, marked 1000, in Mater 775 Teet- 
ing. And here great Precaution is to be Uſed; for 
many Trials muſt determine this Point to which the 


Fluid muſt always riſe by flow Degrees, and with an 
uniform Motion. LS | -; 


13. When this Point is well ſecured, all the Trouble 
is over, the Ball being then immerſed in boiling Water, 
Spirits, Oils, melt:d Metals, &c. in Snow, Freezing Mix- 
tures, &c. the Expanſions, by all the various Degrees 


| of Heat and Cold, will be ſhewn by the Numbers 
againſt the Heights to which the Fluid riſes in the 


Tube in each Cafe, theſe are to be wrote on the Side 
of the Scale; and ſince the ſame Degree of Heat will 
cauſe the ſame Expanſion of the fame Fluid at all 
Times, tis evident, if Thermometers were every where 
conſtructed in this Manner, the Obſervations made by 
them in any Part of the World, may be compared to- 


gether, which cannot otherwiſe be done; whence 


this Part of Philoſophy would receive its final Perfec- 


c 


Lion. | 


14. Py one of thoſe Standard Thermometers well 
made, exe more might ſoon be conſtructed with any 
expanding Fluid, without the Trouble of graduating 
their Tubes by equal Quantities of Quickſilver, For 
having fill'd the Balls, and a convenient Part of the 
Tube, with the propoſed Fluid, place them altogether 


in a Veſſel of cold Water; and while it is warming as 
gently as poſſible, when the Oil in the Standard Ther- 
mometer ſhall arrive ſucceſſively at the ſeveral Diviſions 


of its Scale, at the ſame Inſtant of Time mark the new 


Tubes at the ſeveral Heights of their Fluids, and form 


a Scale for every Tube, that ſhall correſpond to thoſe 
Marks. Then, while the Liquors ſubſide by cooling 


gently, 


. 
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gently, examine whether they nicely agree at the ſeve- 
ral Marks. To determine the Freezing Point in all, 


they are to ſtand together in the Water till it juſt be- 


gins to freeze: Or, having all the other Points duly, 
that may be deduced very exactly by the: Rule of Pro. 
ortion. 
: 15. A Thermometer that ſhall vary very ſenſibly by 
every ſmall Variation of Heat and Cold, as thoſe of the 
Atmoſphere, muſt have a large Ball 'in Proportion to 
the Bore of the Tube; and that the Heat or. Cold may 
ſooner penetrate the innermoſt Parts of the Liquor, the 
Ball ſhould not be ſpherical, but oblong and flatted like a 
French Flaſe; and the Lengths of the Tubes ſhould be 
proportioned to the Degrees of Heat they are intended 
to diſcover. 
16. Sir Jſaac Newton graduated his Standard Ther- 
mometer on both Sides, as ſhewn in the Figure. Thoſe 
on the Right Hand meaſured th eat of the Oil; as thoſe 
on the Left meaſured the Bull thereof: But ſince the 
latter, as well as the former, begins from a Cypher at 
the Freezing Point. and is regularly continued upwards 
by the common Diviſions 10, 20, 30, 40, Sc. it will 
equally ſerve both Purpoſes; ſince the Degree of Heat 
will always be proportioned to the Expanſion of the 
Bulk of the Fluid above or below the Freezing Point. 
17. By this am of therefore on the Left Hand, I 


ſhall expreſs ſome of the principal Articles of Sir Tac 


Newton's Scale of the various Degrees of Heat, as in 
the Tablet below. 


Wo Heat. 
| Water juſt freezing, and Snow juſt bang. 


to 4 : The Heats of the Air ! in Winter. 


„ 9 4 The Beats of the Air in Spring and Autumn. ; 


8 
| to 12 
13 The greateſt Summer -Heat. 
20 The greateſt Heat of the externa Parts of ths 
Human Body. 
31 Water * — to the Hand at Reſt. 
l . 36+ Water 


© The Heats of the Air in Summer. 
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D. yr . | 
36 Water hardly 8 to th Handi in Motion, 
43 Melted Wax juſt growing ſtiff and opake. 


512 Melted Wax juſt before it bubbles or boils. 


54 Ppirit of Wine uſt begins to boil. 
72 Water begins to boil. 
- 7s Water boils vehemently. 


306 Aa Mixture of + of Lead, } of Tin, and 4 


1 52 Biſmuth, melts. 
103 A Mixture of equal Parts of Tin and Biſ- 
4 0:7 Langth-melts. 
122 A Mixture of à of Tin and 3 3 of Leal melts. 
154 © The Heat which melts Tin. 
> £74 The Heat which melts Biſmuth. 
206 The leaſt Heat which melts Lead. 
290 The Heat with which burning Bodies ſhine 
55 in a dark Night. 
ſmall Coal-Fire. 
ſmall Wood - Fire. 


, 410 The Heat o 
4 50 The Heat 


18. Dr. Hales conſiders the Freezing Point as one 
Boundary to Vegetation, vz. on the Side of Cold; and 
the other Boundary he fixes to that Degree of Heat with 
which Wax will begin to melt, becauſe a greater De- 


gree of Heat will, inſtead of collecting and aſſimilating 


the nutritive Particles, diſſipate them, even thoſe which 
are moſt viſcid and glutinous ; and therefore the Plant 


will rather fade than vegetate in ſuch Degrees of Heat. 


19. This Space the Doctor divided into 100 equal 


Parts in his Thermometers: But his Numbers expreſs d 


in thoie of the Standard Thermometer, are for ſeveral 
Particulars mentioned by the Doctor as follows. For 


Ayrtle, 41; Oranges, 625 Ficoides, 71; Indian Fig, 813 


AHise, 10; Cereus, 11; Euphorbium, 12; Piamento, 13; 
Ananar, 142; Mielon-Thiſtle, 151; Air under the Glaſs 
of a Hot-Bcd, 17 ; the H- Bd itſelf, 28. If the Hot- 
Bed exceed the 3 of 40 or thereabouts, it will ſcorch 
the Plants and kill them. The Heat of Milk from the 


Cow is 28, that of Urine 29, and of . in a Fever 


nearly 40. 
20. As Farenbeirs Tü is come into ſuch 
y—_— Uſe 1 have here placed it by the Standard Ther- 


mometer, 


tym 
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Tur Moifture and Dryneſs of the Air are 
ſhewn by the HyGrRoMETER, which is 


made ſeveral ways, but that with a Cord is 


moſt common and uſeful; for that by 
ſhrinking with Moiſture wall turn an. In- 
dex one way, and extending with Dryneſs 


will turn it the con ary way, : over the gra- 


duated Limb of a Circle. (XCIV) (XCV). 


meter, that the Diviſions on each may be reduced to 
the other's reſpectively by bare Inſpection, and the Uſe 
of both be ſtill preſerved. If the Reader would fee all 
the different forts of Thermometers, or rather all the 
different Methods of graduating them, be may be fully 


ſatisfied by conſulting Dr. George Martine's Treatiſe on 


this Subject. | 
. To conclude this Head, it muſt be obſerved that 
the Right Hon. the Earl of Cavendiſh has very lately in- 


vented a curious Conſtruction of Thermometers, of two 


different Forms; one contrived to ſhew the greateſt De- 
gree of Heat, and the other the greateſt Cold, that 
may happen in a Perſon's Abſence at any Time. But 
this Improvement cannot be underſtood fo well by De- 


| ſcription as by viewing the Inſtruments themſelves. 


(XCIV.) 1. An Hy6ROMETER, ſometimes call'd 
a NoTIOMETER, is an Inſtrument or Contrivance, by 
which we can eſtimate the Quantity of Moiſture or Va- 
pours in the Air; or by which we can compare the va- 
rious Degrees of its Humidity and Siccity at different 
Times, For this Purpoſe different Subjects have been 
at times eſſay d, but none as yet have been found ſatis- 
Gy of MERE a TE 5 

© Thus Cotton, Spunge, &c. hung at the End of a 
nice Balance, in an exact Equilibre, will by contraQtng 
Moiſture from the Air become heavier, which wi 
therefore be ſhewn by its deſcending ; and when the Air 
becomes drier, it ought to part with the Moiſture and 
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| 1 : SHaA ; a finiſh | this Lecture ö with ; 
giving you an Account of the Structure 


become lighter ; but this it will not readily do, and is 
therefore of little Uſe. Salts have been likewiſe uſed 
this way, but to no Purpoſę. ] 
3. It would be endleſs to take notice of all the Me. 
thods that have been attempteghby Philoſophers, and moſt | 
of them without Succeſs. However, as ſome are better 
than others, and will endure for a conſiderable Time very 
well, I ſhall here give an Account of one which is the 
beſt of any J have hitherto thought of. It is made of 
a String either of Hemp or Cat's-Gut, (as all the beſt ? 
Sort are) and ſhews the increaſing Moiſture of the Air 
by its Twiſting and Shertening, and the Dryn-ſs by Un- 
twiſting and Lengthening. - 
4. Thus let ABC be the lower Part of a twiſted ! 
1 . XXX. Line or Cord, hanging from the Height of the Room 
Fig. 6. againſt one Side thereof on the Wall or Wainſcot; let 
there be deſcribed a large Circle, graduated into 100 
equal Parts, ſuch as K L MN; in the Centre of which 
is a Pin, with a ſmall Pulley I B, carrying an Index 
OP. If now a Cord be put round the Pulley, and a 
ſmall Weight or Ball D be ſuſpended at the lower End 
to keep it ſtrait, then as the Cord gathers Moiſture 
from the Air, it will twiſt and become ſhorter ; the 
_ Conſequence of which will be, that in contracting it 
will turn the Pulley IB, and this by its Index will point 
to the Numbers on the graduated Circle, which will 
ſhew the Degree of Moiſfure or Dryneſs by the Con- 
tration or Relaxation of the Cord. - bo 
5. Again: If the Ball D hang over the Centre E of } 
another graduated Circle CF G H placed horizontally, 7% 
carrying an Index E F upon its Diviſions, it will ſneẽF 
the ſame Thing by the twiſting and untwiſting of the 
Cord B C, as in the Circle above; fo that this may bs 
looked upon as a Double Hygrometer, and ſo ſimple in 
its Structure, that any Perſon may make it; and that 
it will anſwer very well for a conſiderable Time, I aty | 
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| 5 . | * FE, 
fully ſatisfied by E perie 
this was never made. 
Note, In the Con e my run Mag- 
num or Tripple Westher- Glad 4, have a Barhmeter, 
Thermometer, and: Hyg roineter all in one Frame; all of 
the beſt Sort ; which makes a Pre l tue qually 
uſeful and elegant.” : 


(XCV, ) I. There 3 15 one: more Pai umatic 
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Machine to be deſcribed, which has made con jerable 
Noiſe in the'Philoſophiic World, As has never been of 
y Uk in Ci wut I mean famous lafention 
the A1g-Gvun, of Which ters zs two Sor ; one 


the Common Ai Gun the other the Magazine it+-Gun : 
Of both which I ſh 


Wi e following 9 rt Ac- 
count. 7 4 Sa > 75 
2. The Commen Alx. Gun is 04 

his two Barrels; - the Inſide. B 

Bore, from which the Bullets ae 
Barrel ECD R on the O 72 There 
ringe S MNP fixed in the Stock ofthe Gun, | 
tle. Air'1s iryected into the Cavity tw vo Bar- 
rels through the Valve EP. The Ball K, is ppt down 
into its Place in the ſmall Barrel with the Ranjmer, as 
in another Gun? — 8 Li is ze Valve, which be- 


a 
y which 


g drawn open Paul Prigge permits tl Ait to 
me behind the | aller, 1 10 as KY ir out with great 
Force. . 


4. Tr an Ve be open'd and - ſhut ſudde ly. one 


Oberg e of condenſed. Air may make ſeveral D ſcharges 


of Bullers | ; but if the whole Air be diſchargefl on one 
ſingle Bullet, it will drive it out more forcibly. This 
Dilcharge is effected by means of a Lock A placed 
| here, as uſual in other Guns; for the Trigger being 


pul'd, the Cock a go down, and drive A Lever o, 
that will open the V 


l e 
* % At ens PPD ry | 


S % 


1 
* * — 


e of Br 5 * plate 
KA of} a ſmall XXX. 


; hot 3 and "arger Fig. T5 


alve, and let in the Air bpon the 


eee i 3 * | The 
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Pl. XXII. 
Fig. 4. 


Plate 
AA. 
Fig. 2. 
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The common or large Air-Pump is repre- 


ſented where à a, a4, are the two Brafs 


1 The Magazine Alx Gu is the Invention of an 
ingenious Artiſt, whoſe Name is L. Cille. By his Con- 
trivance ten Bullets are ſo lodged in a Cavity near the 
Place of Diſcharge, that they may be drawn into the 
ſhooting Barrel, and ſucceſſively ſhot ſo faſt as to be 
nearly of the ſame Uſe as ſo many ſeveral Guns. In 


the Figure you have a Section of the Gun as big in 


every Part as the Gun itſelf; and ſo much of the 
Length as is neceſſary to form a complcat Idea of the 


Whole. | 


5. AEE is Part of the Stock; G is the End of the 
injection Syringe, with its Valve H opening into the 
Cavity between the Barrels, as before. K K is the 


ſmall ſhooting Barrel, which receives the Bullets from 


the Magazine E D, which is. of a ſerpentine Form, and 
cloſed on the End D when the Bullets 3, b, b, b, are 


lodged in it. The circular Part sIs Mi is the 1 


of a Cock, having a cylindric Hole through it IK 
which is equal to the Bore of the ſmall Barrel, and 
makes à Part of it in the preſent Situation. 

6. When the Lock is taken off, the ſeveral Parts 


Q, R, T, S, W, Oc. come into View, by which 


means the Diſcharge is made by puſhing up the Pin Pp, 
which taifes and 1 a Valve V, to let in the Air 
againſt the Bullet 1 from the Cavity F, F, F; which 
Valve is immediately mut down again by means of a 
long Spring NN of Braſs. This Valve V being a co- 
nical Piece of Braſs, ground very true in the Part which 
receives it, will of itſelf be ſufficient to confine the 


|: 5 pe 
7. To make a Diſcharge you pull the Trigger z 2, 


which throws up the Seer yx, and diſengages it from 


Lever R, which by its other End n raiſes at the ſame 
time the flat End / of the hotizontal Lever Q; and 


the Notch x, upon which the ſtrong Spring W moves 
the Tumbler T, to which the Cock is fixed. This 
by its End u bears down the End v of the tumbling 


Barrels, 


ou —_Q © Q_S"D 0 
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Barrels, in which the Piſtons cc, cc, move 
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by Chains faſten'd to each of them, and 


by this means, of courſe, the Pin P þ is pyſh'&up, which 


ſtands upon it, and thus opens the Valve V, and diſ- 


charges the Bullet. This is all evident from a bare 
View of the Cult. FTT 

8. To bring in another Bullet to ſucceed I inſtanta- 
neouſly, there is a Part called the Hammer H, which 
by a ſquare Hole goes on upon the ſame ſquare End of 


the Key of the Cock, and turns it about ſo as to place 


the cylindric Bore of the ry IK in any Situation re- 
quired, Thus when the Bullet is in the Gun, the 
Hammer ſtands as in the Figure, where the Bore of 
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the Key coincides with that of the Barrel K K; but plate 
when the Pall is diſcharged, the Hammer H is inſtantiy Xx 


brought down to ſhut the Pan of the Gun, by which 
Motion the Bore of the Key is turned into the Situatian 
ih, ſo as to coincide now with the Crifice of the Ma- 
gazine; and upon lifting the Gun upright, the Ball next 
the Key tumbles into its Cavity, and falls behind two 
ſmall Ends 5, 5, of two tender Springs, which like 
Fingers Ends detain it. The Key in this Polition is 
ſeen in the Figure. Then opening the Hammer again 
the Bullet is brought into its proper Place near the dif- 
charging Valve, and the Bore of the Key makes again 
a Part of that of the ſhooting Barrel. : 

g. It evidently appears how expeditious a Method 


this is of charging and diſcharging a Gun; and were the 


Force of condenſed Air as great as that of Gunpowder, 
ſuch an Air-Gun would actually anſwer the End gf 
many Guns, and prove the beſt Defence againſt High- 
waymen or Robbers that People are aware of ; becauſe 
when they have Reaſon to ſuſpect them, they might 
then make five or ſix Diſcharges befoce. the Thief can 
come within Piſtol-ſhot. „„ „ 
10. In the Air-Gun, and in all other Caſes where 
the Air is required to be condenſed to a very great De- 
gree, it will be requiſite to have the Syringe of a ſmall 
Bore, viz, not exceeding £ an Inch in Diameter; be- 


Fig. 3, $+ 


— . 
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there will be a Refiſtance of 12 1b. againſt the 


IP» 
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to a Wheel moving on the Axle /, When 
the Engine is put into Motion b 
Winch 66. gg, gg, are two Pil 


S OT 


Pieces of Wood ſupporting the Frame of 


the Pump-Wheel, which is ſcrew'd upon 


them by N uts under the little Pieces of 


Wood e, ee. The Tube or Pipe marked 
5 5 is called the Swan-Neck, made of Braſs: 
By this the Air paſſes from under the Re- 

ceiver 9 0, through a ſmall Hole & in the 


Middle of the Braſs Plate 7 7-7 on the Top 
of the Pump, to a Braſs Piece in the Box 
4d, which being perforated len 
to the Middle Point under each Barrel, does 
. through a ſmall Hole, by a Bladder- 


Ways 


alve, tranſmit the Air from the Receiver 
into each Barre], to be pump d out by paſſ- 
ing through the. Hole im the deſcending 


cauſe, as has been een 0 Prafſure againſt Wet 


ſquare Inch is about 1516. and againſt every circular Inc 
it is therefore about 12 /b. If therefore the Syringe be 


one Inch in Diameter, when one Atmoſphere is in ject, 

iſton 
when 2, of 2416.; and when 10 are injeRed, there 
will be a Force of 120 bb. to overcome; whereas 10 
Atmoſpheres act againſt. the circular Half Inch Piſton 


_ (whoſe Area is but 4 Part fo big) with a Force but a 


4 Part ſo great, viz. 301b.; or 40 Armoſpheres may 
be injected with ſuch a Syringe, a8 well as 10 with the 
other. In a Word, the. Facility of working will be 
( TED ) inverſely as the Squares of the Diame- 
c * 1 


the 


„ oe” — p __OA4_w9 AY 


Piſton. 
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| Piſton. Theſe Holes in the Piſtons and 
Bottoms of the Barrels are cover'd with 
Valves, to prevent the Return of the Air i in- 
to the Receiver. I/ is the Mercurial Gage, 
or common Barometer, immerſed in a Ba- 
ſon of Mercury m m fix d in the Bottom of 
the Frame, and at Top communicates with 
the Receiver, which therefore ſhews how 
much the Receiver 1s exhauſted by the Riſ- 
ing of the Mercury in the Tube, by a 
graduated Scale affixed thereto; The Stop- 
cock u, alſo, communicates with the Re- 
ceiver; and conſequently with the Swan- 
Neck and Mercurial Tube : Its. Uſe is, by 
turning the Cock, to. re-admit the Air, 
| when there 1s Occaſion. The Receiver is 
ground true on the Bottom, and is fixed 
on the Pump at firſt by means of wetted 
Leathers to exclude the Air, inſtead of Ce- 
ment formerly uſed for that purpoſe. 
Bur with how much more Conveniency, 
and leſs Expence, Pneumatical Experi- 


ments-of all Kinds may r by 
a New, Elegant, and Portable ump, 


which I have lately contrived and made, 

will be eaſy to apprehend from a bare View 

of the Figure thereof: In which A B is Pl. XXII. 

the Head or Part containing the Wheel, Fis & 

which alternately raiſes and re the 
Vor. II. O Piſtons 
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ſtrongly preſs'd down by the faid Part AB, 


Mercury R, in which a ſmall Tube RS 
{hermetically ſealed at one End, and fill'd 
(at the ſame time with the large one MN) 
by the Deſcent of the Quickſilver in the Tube 


'RS. By the Stop-cock T the Air is again 
let: into the Receiver. I take this to be 


of, as to its Form; for it conſiſts of. only 


PanEUMATICS | 
Piſtons CD in the Barrels E F, which are 


ſupported on the two Pillars G H, fixed 
into the Bed or Bottom of the Machine 
I K L. On this Bottom ſtands the Receiver 
MN on a large ſmooth Braſs Plate, in the 


Middle whereof is a Hole, by which the 


Air paſſes out of the Receiver into a ſmall 
Tube on the under Part of the Frame, 


and goes to the Piece O, which communi- 
cates with the perforated Braſs Piece on 


which the Barrels ſtand, and from which 
they receive the Air to be exhauſted. On 


the middle Part of this Braſs Piece is a 
Perforation, over which is placed a ſmall 


| 
4 
Receiver P Q, and under it 'a Baſon of ſ 
\ 
with Quickſilver) is inverted; and there- 
fore as the ſmall Receiver PQ is exhauſted, 


the Approach of the Vacuum will be ſhewn 


the laft Improvement this Machine is capable 


ſuch Parts as are Eſſential. - And thus con- 


1 firuted, it _ together with its Re- 


celver 8, 


faQtion, will be equa) to R, that is, R = * -p 


PNEUMATICS. 
ceivers, be contain'd in a Box of a ſmall 


Size, and comes to but a ſmall Price in 
compariſon of the other Forms, (XCVI.) 


( Xcvl.) 1. 1 ſhall conclude this Subject with a few 
Articles relating to the Rarefaction of the Air in the 


Recipient in working the Machine; for the Reader muſt 


not ſuppoſe that all the Air can be exhauſted, if the 
Pump be ever ſo good, or worked ever fo long. The 
Reaſon is evident when we conſider, that the Air which 
is exhauſted is only puſhed out by the Spring of that 
which remains behind: if therefore every Particle were 


fuppoſed to be exhauſted, the laſt would be expell'd 


without an Agent, or there would be an Effect without 


2 Cauſe, which is abſurd. 


2. Let the Capacity of any 3 be to that of 
the Barrel as C to 1. Allo let the Rarefaction of the 
Air which remains in the Receiver be to the common 
Air as R to 1, after any Number of Turns or Ex- 
ſuctions N. Then, upon raiſing the Piſton, the Air 


will ruſh into the Barrel, and ſo will now be rarefied in 


the Ratio of C to C+ 1, or of 1 5 and ſince 


this is the Ratio of the Rarefaction by every Exſuction, 


tis evident it will be the common Ratio of a Geometri- 
cal Series of Rarefactions produced by the ſe the ſeveral Turns 


of the Winch, v:z. The Series 1: C+1 2 12 T STi 


© © 
TE, 
EW . . to XY = laſt Tem of 


the Series, which therefore as it expreſſes the laſt 8 


3. Hence from the known Property of A we 
tne. RENXL, ET =NxL. T+1—LC; 


whence, — | 0 Wherefore if C= = 


0 2 1, that 
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„5 chat is, if the Capacity of the Receiver be equal 


to that of the Barrel, we ſhall have N= 4 Con- 
ſequently, if R expreſs any Degree of Rarity propoſed, 
as 1, 2, 3, 4, 5, ©, Cc. we have N the Number of 
Turns or Exſuctions to effect it. 

4. And from hence the following Table is con- 
ſtructed; in which the firſt Column expreſſes the Rarity 


of the Air i in the Receiver, and the ſecond the Number 
of Turns to produce it. 


Number of 


_— — 
* * m oy 


Treppe any rpg. Ref 
ö | 2 3 3 1 4 
8. 60 5,907 | goo |. 9,8144 
1. 64 6. 1000 94966 . 

3 1585 70 6,129 | 102410. 
4 | 2. 80 | 6,322 | 200010, 966 
| 5 | 2,322 90 | 6,492 | 2048 11, 
6 2,585 | 100 | 6, 644] 300011, 551 
7 | 2,807 | 128 | 7, 4000 11, 966 
8: | 3- | 200 | 7,644 | 4096 | 12. 
9 3.170256 | 8. 5000 12,288 | 
10 | 3,322 | 300 | 8,229 | 6000 | 12,551 
10 "| 4: 400 | 8,644 | 7000 | 12,7731] 

J 20 | 43322 | 500 | 8,966 | 800012, 966 

30 | 4,907 | 512 | 9. 8192 13. 
32 | 5. | 600 | 9,229| 900013, 136 

I 40 | $5,322 | 700 | 9,451 [10000 | 13,288 | 

1 50 | 5,644 800 | 9,544 [16384 | 14. _ 


#7 8b From this Table we may obſerve, / that if any 
Numbers in the firſt Column be taken in Geometrical 
Progreflion, the correſponding Numbers of the ſecond 
AG be in Arithmetical Progreſſion. Thus againſt 2, 4, 
8, 16 in the firſt, you ſee I, 2, 3, 4 in the ſecond Co- 
lumn. 


6. When the Capacity of the Receiver exceeds that 


of the Barrel, then the Number of Turns N to. pro- 


duce a given Rarefaction R will be greater than before. 
Therefore if the Number of Turns in this 1 04 


Caſe, 
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Caſe, which let us call u, be multiplied by ſome Num- 
ber m, it will produce a Number of Turns N that ſhall 


affect the 3 R in any Receiver propoſed. Now 


fnce # T. we ſhall have # X m = "= = 
N — — 2 : whence we have m = 
| LOT LO | | 

6 | OY TT 

LEFILEEC 


7. From Hence a Table of Muttipliers expreſſing the 


Value of n, when the Receiver is in any given Pro- 


portion larger than the Barrel, is eaſy to be conſtruRed. 
Of which the following is a Specimen, 


5 8 


Capacity L _apacit ; = 
Meultipli.r.) of Re- Multiplier] of Re- ONT: 
Ver. | ceiwer. | | Nie ver. 55 
1 | 1. [20 14, 207 300 o ſt 291 
2 1,10] 30 21,1391 400 „605 
3 J 2, 409] 40 | 28,071} 500 1 
1 49 3,106 | 50 |. 35, 03] 600 [416,235 
5 | 3-802 | 60 | 41,934] 700 [485,549 
6 | 42497 | 70 | 48,866] 8c [554,864 | 
7 | 5,191 | 80 | 55,798] goo ,624,179 
8 | 5,885'] go | 62,729] 1000 693,49 
9 {| ©,579 | 106 | 69,651 
i 10 | 7,273 | 200 138,976] 


rarify the Air 100 times. 


8. By means of theſe two Tables, thoſe who know 
nothing of Algebra may find how many Turns are ne- 
ceſſary to rarify the Air in the Receiver to any given 
Degree, when the Ratio of the Receiver's Capacity to 
that of the Barrel is known. For Example: Let the 
Receiver be 10 times as big as the Barrel, and let it be 
required to find how many Turns of che Winch will 
Firſt ſeek the Number that 
will do it when the Receiver is equal to the Barrel; 


which II find by the firſt Table is 6 Turns, and 544 


Parts of 1000 of another. Then, againſt 10 in the 


O 3 ſecond 
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ſecond Table, I find the Multiplier 7,273, by which 
if I multiply 6,644, I ſhall have a Product 48, 322, 
which will expreſs the Number of Turns required, 
9. The Aſcent of the Quickſilver in the Gage of the 
Common Pump is proportional to the Quantity of Air 
drawn out, either upon the Whole, or upon any ſingle 
Turn of the Winch : And the Deficiency from He 
Standard Altitude of 29 5 Inches is always proportional 
to the Quantity of Air remaining in the Receiver; as 
may be eaſily deduced from what has been ſaid of the 
Denſity, Spring, and Preſſure of the Air. | 
10. The Gage of a Condenſer will have the Spaces 
unpoſſeſs'd of Quickſilver at the End decreaſing in Har- 
monical Proportion: For ſince equal Quantities of Air 


are injected by the Syringe at each Stroke of the Piſton, 


the Quantity of Air in the Condenſer will increaſe in 
Arithmetical Progreſſion, and fo will its Denſity, and 
of courſe the Denſity of that in the End of the Gage, 
becauſe the Quickſilver is preſſed on each Side equally ; 
but the Spaces diminiſh as the Denſities increaſe, as we 
have elſewhere ſhewn. Therefore the Spaces are in- 
ver ſely as a Series of Terms in Arithmatical Progreſſion, and 
conſequently are in Muſical Proportion; for that this is 
= pooperty of Muſical Terms will be ſhewn in Arnnotat, | 
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The Doctrine Y. Winds and Souxps. 


of Wind in ek T a Türokr e of 
Winds by Dr.Hariey. Of the conſtant, 
or General Trap Wins ; 3 of the MoN- 


S0ONS ; the Cauſe of VARIABLE Winps. 


Of AERIAL Tipes. Of the Verocity 
Wind. Of the MomMmEenTuM' or FoRCE 
of Wind. ACarevLATION thereof, and 
its APPLICATION. to the SAILS of a WiND= 
Miu, The! beſt FORM and PosITION of 


the Salis. A Carcur Arion of tbe 


Fe ORCE of KerLows in impelling Wind. 
A new Invention of WAaTER-BELLOws. 
The Narture .of Sound in general. The 
SENSATION of Sound. The ORGAN or 
8 Haas os Of the Waves or 
 PoLees of Als. Their Various PROPER- 
TES explaiyd. The NEwTONTAN Doc- 


'  TRINE of VIBRATIONS and TREMORS of 


 SounDING"Bopres explain d. The Waves 
of WATER accounted for. Of the VELo- 
CITY 'of- \SOUNDS. - The DisTANCE to 


we | which id may be beard. "Of Ecno 8. 
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ago" 


Of Wins and SounDs. 
07 the SPEAKING TRUMPET of the beſi 
Form. Of OTacousTiIc INSTRUMENTS, 
Of the Norz, Tone, or TUNE of Souxps. 
Of ConcorDs and DiscorDs; the Ra- 
TIONALE of the D1aTonic SCALE of 
Music. The Mathematical TITORY of 
Musical CHoRDs, and of HARMONIC 


\ PRoroRTIONS. Of the Sympathetic Vi- 


BRATIONS of Musical. Smet, and 
other Bodies. | 


— 


ture of WIND and SOUND in general; 
and of the Vibrations of Mufical 
Strings and Sonorous Bodies, with Regard to 
the Science of M USI1C. : 

W I N D is a Stream or Client of Atr : 
As the Air is a Fluid, its natural State i is 
that of Ref, which it endeavours always to 


keep or retrieve by an univerſal Equilibrium 


of all its Parts. When, therefore, this na- 
tural Equilibrium of the Atmoſphere hap- 
pens by any means to be deſtroy d in any 
Part, there neceſſarily follows a Motion of 
all the circumjacent Air towards that Part, 
to reſtore it ; and this Motion of the Air is 
what we call Wind. (XCVIL.) PE 


(XCVII. > ſhall here give the principal Pheno- 
mena of the Wind, as they are deduced from Dr. 


Halley s admirable Hiſtory thereof in the Philoſophical 
HEN CE, 


FN this 1 I ſhall conſider the Na- 


Re oe Te Rs..." // ROE" #2" 


Of WinpDs and SOUNDS. 
Hence, with reſpect to that Place where 
the Equilibrium of the Air is diſturb'd, we 


Tranſactions, and illuſtrate the ſame by! bis Map of the 
World drawn up for that Purpoſe. | 

2. The firſt is, That in the great Pacific or Meſtern plate 
Ocean, the Atlantic and Ethiopic Seas, there is a general XXXI. 
Eaſterly Wind all the Year long, without any conſi- 
derable Variation; excepting that it is ſubjed to be de- 
fleted therefrom ſome few Points of the Compaſs to- 
wards the North or South, according to the Situation 
of the Place. The Reaſon is, becauſe the Parts under 
the Equator are more heated and rarified than any 
others; as above mentioned. 

3. The Sevond is, That on each Side the Equator, 
to about 27 or 30 Degrees, the Wind does more and 
more decline from the Eaſt to the North-Eaſt on one 
Side, and South - Eaſt on the other; occaſion'd by the 
two contrary Motions of the Air, ariſing from Heat and 
Cold, as above explain d. Theſe Winds are indicated 
by the Poſition of the Arrows i in the Atlantic and Pacific 
Crane! in the Map. | 

4. Towards the Caribbee Iſlands, on the American 
Side of the Atlantic Ocean, the Adee North-Eaſt 
Wind becomes ſtill more and more Eaſterly, fo as 
ſometimes to be Eaſt, ſometimes Eaſt by South, but 
moſtly Northward of the Eaſt a Point or two, ſeldom 
more. It is likewiſe obſerved that the Strength of theſe 
Tory does gradually decreaſe as you ſail to the Welt- 
war 

5. All along upon the Coaſt of Africa on the Weſtern 
FA the Wind ſets in upon the Land from various 
Points of the Compaſs, North-Weſt, Weſt, South by 
Weſt, South- Weſt, and almoſt South, eſpecially to- 
wird th Cape of Good- Hope, all which is eaſily ſeen in 
tne Map. 
bs Ihe A lantic Ocean, une the North of the 
Line, between 4 and 10 Degres of Latitude, and 20 
and 30 of Weſt Longitude, there is a Tract of Sea 
where the Winds are not properly ſaid to be conflant or 
variable; z for it ſeems to be condemned to perpetual 


leg 


203 


Of EAN 3 — 


ſce the Wind may blow from every Point 
of the Compaſs at the ſame time; and 


thoſe who live Northwargs of that Point 


have a North Wind; thoſe who live Squth- 


words. a South Wind; and ſo of the reſt : 
But thoſe who live on the Spot, where all 


thoſeWinds meet and interfere, are oppreſſed 
with turbulent and boiſterous Weather, 
Whirlwinds and Hurricanes; with Rain, 


Tempeſt, Ligbtning, Thunder, &e. For 
Sulphureous Exbalations from the South, Tor- 


rents of Nitre from the North, and aqueous 


Vapours from every Part, are there confu- 


ſedly huddled and violently blended toge- 


ther; and rarely fail to n, the Pha- 
nomena abovementioned. 


Calis, attended with terrible Thunder and Lightning, 


and Rains, fo frequent that our Navigators from hence 
call this Part of the Sea the Rains, as by others they 
are called the CALMus and ToRNADOEs, as in moſt of 
our common Maps. The Reaſon of this ſeems to be, 

that this being the Place where the Eaſterly and Weſter⸗ 
ly Winds commence, the Air is divided Ind held as it 


were in Equilibria between both; by which means it is 


render'd more rare than the reſt, and top light to ſu- 
ſtain the Vapours raiſed into it, ſo that it lets them de- 
ſcend in continual Rains, See the Farting of the Air in 
* Map. 

ic the Indian Ocean the Winds are partly Gene- 
* as in the Atlantic and Ethiopic Oceans; and partly 
ee that is, ſuch as blow one Half of the Vear 
one Way, and the other Half of the Vear near upon 
the oppoſite Points: And theſe Points and Times of 


Riſting 4 are different in different Parts of this Ocean. 
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Many are the particular Cauſes which | 
roduce Wind by interrupting the Equi- 


poiſe of the Atmoſphere ; but the moſt ge- 
neral Cauſes are two, viz. HEAT, which, 


by rarsfying the Arr, makes it {ighter in ſome 
Places than it is in others; and Corp, 
which, by condenfing it, makes it Heavier. 
Hence it'is, that in all Parts over the Torrid 
Zone, the Air being more rarified by a 
greater Quantity of the Solar Rays, is much 
lighter than in the other Parts of the At- 
moſphere, and moſt of all over the Equa- 
torial Parts of the Earth. And ſince the 
Parts at the Equator are moſt rarified 
which are near the Sun ; and thoſe Parts 
are, by the Earth's N Rotation Ea/t- 
ward, continually ſhifting to the Weſt; it fol- 


2 Winds are called by Seamen Monſons or Min 
bons. 

8. Between 10 3 30 Degrees, from Madaga' car 
to New-Holland, the general Trade-Winds about 
South · Eaſt by Eaſt are found to blow all the Year long 
in the fame Manner, and for the ſame Reaſons as in 
the other Oceans above-mentioned. 

During the Months of May, June, Fuly, Auguſt, Sep- 
tember, QFober, the aforeſaid South-Eaſt Winds extend 
to within two Degrees of the Equator ; after this, for 
the other ſix Months, the contrary Winds ſet in, and 
blow from the North-Weſt from the Latitude of 3 to 


10 Degrees South 4 


10. From about three Degrees South Latitude, over 


all the Arabian and Indian Seas and Gulph of Bengal, 


from Sumatra to the Coaſt of Africa, there is another 
Monſoon, blowing from October to April on the North- 


Faſt Points; but in the other Half- Tear, from April 


lows, 


Of WIN DS and SOUNDS. 
lows, that the Parts of the Air which lie 
on the Ṽeſt Side of the Point of greateſt 


to October, from the oppoſite Points of South-Weſt 
and Weſt- South-Weſt, and that with rather more 
Force than the other, accompanied with dark rainy 
Weather, whereas the North Eaſt blows clear. 

11. The Sea between Madagaſcar and Africa, and 
Southwards to the Equator, is ſubject to the ſame Change 
of Wind, or Monſoons, whoſe Courſe from April to 
October is South-South-Weſt , which, as you go more 
Northerly, becomes more and more Weſterly, till at 
laſt they fall in with the Weſt-South-Weſt Winds 
mentioned in the laſt Articles. What Winds blow the 
other Half-Year in thoſe Parts, the Doctor could not 
obtain any ſatisfactory Account of; only that they were 
Eaſterly, and as often to the North as to the South- 


ward thereof. 


12. To the Eaſtward of Sumatra and Malacca, on 


the North Side of the Equator along the Coaft of Can- 


boia and China, the Monſoons blow, and change at the 


ſame Times as before; only their Directions are much 


more Northerly and Southerly than the others, as is eaſy 
to obſerve in the Map. Theſe Winds reach to the 


Philippine Iſlands Eaſtward, and to Japan Northwards; 


and are not ſo conſtant to their Points as the others 


above mentioned. 6 
| 135 Between the ſame Meridians, on the South Side 
the E 


the Equator, from Sumatra to New Guinea Eaſtward, 
the ſame Northerly and Southerly Monſoons are obſer- 


ved ; only the Northerly are here North-weſterly, and 


the Southerly blow from the South-Eaſt, They are 
not more conſtant than the others; and beſides, they 


keep not the ſame Times, but change a Month or fix 
Weeks later. 


14. The Shifting of theſe contrary Winds, or Mon- 


ſoons, is not all àt once; and in ſome Places the Time 
of the Change is attended with Calms, in others with 
variable Winds, and particularly thoſe of China, at 


_ ecaſing to be Weſter ly, are very ſubject to be tempeſtu- 
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lie Rarefaction, and, 5 by flowing towards it, 


tft | meet it, have leſs Motion than thoſe Parts 


ore fl ous 3 and ſuch is their Violence, that they ſeem to be 

iny of the Nature of the Veſt-India Hurricanes, and render 

the Navigation of thoſe Parts very unſafe at that Time 

of the Year. Theſe Tempeſts the Seamen call the 
Breaking up of the Monſoons. | 

15. The Cauſe of the Monſtons, or periodical 

Winds, is owing to the Courſe of the Sun Northward 


" 3 of the Equator one Half of the Year, and Southward 
nds the other. While he paſſes through the ſix Northern 
the Signs of the Ecliptic. the various Countries of Arabia, 


Perſia, India, and China are heated, and reflect great 
Quantities of the Solar Rays into the Regions of the 


* ambient Atmoſphere, by which Means it becomes 
greatly rarified, and has its Equilibrium of courſe de- 
on ſtroyed; to reſtore which, the Air, as well from the 
ho Equatorial Parts Southwards, where it is colder, as 
the from the colder Northern Climes, muſt neceſſarily have 
uch Tendency or Motion towards thoſe Parts, and ſo pro- 
-afy duces the Monſoons for the firft ſix Months, during 
the which Time the Heat of thoſe Countries is greateſt. _ 
ds; 16. Then for the other ſix Months, the Sun tra- 


verſing the Ocean and Countries towards the Southern 
Tropic, while in the ſix Southern Signs, cauſes the Air 
over thoſe Parts to be now moſt heated and rarified ; 
and conſequently the Equatorial Air to alter its Courſe, 


er- or the Winds to veer quite about, and blow upon the 

and oppoſite Points of the Compals, „ 

are 17, Theſe are the general Affections of conſtant and 
ey regular Winds; none of which are found not ſub- 
fix ject to ſome Variation and Exception, on account of the 


different Circumſtances of Heat, Cold, Land, Water, 
Situation, c. concerning all which I ſhall refer the 
Reader to the Doctor's own large hiſtorical Account of 


lanea Curioſa, Vol. I. * 3 
18. From what has been ſaid, tis eaſy to underſtand 


that fince ſo large a Portion of the Atmoſphere ad 
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the Winds, publiſhed in the Tranſactions, or Mijcel- _ 


/ Winvs and Sounns. | 
on the Eaſt of the ſaid Point, which follow 
it; and therefore the Motion of the Eaſt. 


is over the Torrid Zone, and Parts about it, is in 
fuch continual Agitation and alternate Motion, thoſe} 
Agitations in an elaſtic Fluid muſt extend every way] 
to a great Diſtance, and produce Effects of the ſame? 
Kind in a various Manner; by which means the Air? 
in all other Latitudes and Climes will ſuffer a Pertur- 
bation more or leſs. and have a perpetual Tendency ta? 
Motion in various Directions, depending on the Situas | 
tion of Country, the Degrees of Heat and Cold in the 
Climate, the Poſition of Hills, Vales, &c. beſides? 
what may be owing to the Accenſion and Exploſion of? 
Meteors, the Eruption of Subterranean Air, and à 
hundred other Cauſes ; Fay, from all this it is eaſy to 
infer, that our Climate, wherever we live, muſt neceſſas 
rily be attended with variable Winds, a miſt perpetually. 
19. [I ſhall only add farther, that ſince the Atmoſ 
phere is a gravitating fluid Subſtance, it muſt be ſubjeQ*? 

to the attracting Power of the Sun and Moon, as well 
as of the Earth: and therefore when the Influence of 

| thoſe Luminaries, either ſingly or conjointly, is oppo- 
ſite to that of the Earth, the ſame Effects muſt follow 
in the Body of fluid Air, as we have ſhewn were 
produced in the ambient Fluid of Water, viz. that the 
Atmoſphere ſhall be of an oblong Figure, or of diffe- 
rent Altitudes in different Parts; and that theſe Tides of 
Air have nearly all the ſame Affections with thoſe of 
the Ocean before explain'd, excepting only in this, that 
they muſt be as much greater as the Denſity of Water 
excceds that of Air, viz. in the Ratio of 860 to . 
20. Now becauſe of an Equality of Preſſure or Weight 1 

in the Atmoſphere in unequal Altitudes of Air, we can 
never be ſenſible of an Aerial Tide, either of Ebb or | 
Flood, by the Barometer; and can only know it by the 
Poſition of the heavenly Bodies. However as this pro- 
digious Protuberance of the Atmoſphere is conſtantl7 
. following the Moon, it muſt. of courſe produce a Mo- 
tion in all Parts, and fo produce a Wind more or leſs to 
every Place, which, as it conſpires with, or is oppoſed } 
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Of Winds and SouNiDE.. 


| ern Air would prevail againſt that of the 
Meſtern Air, and ſo generate a continual 


| Eaſt Wind, if this were all the Effects of 


| that Raręfaction. But we are to con- 
ider, that as all the Parts of the Atmoſ- 


phere are ſo greatly rarified over the 


Equator, and all about the Poles great- 


y condenſed by extreme Cold, this hea- 


vier Air from either Pole is conſtantly 
flowing towards the Equator, to reſtore the 
Balance deſtroy d by the Rarefaction and 
| Levity of the Air over thoſe Regions: 
Hence, in this reſpect alone, a conſtant 
North and South Vind would be generated 
[(XCVII), 


L to the Winds ariſing from other Cauſes, makes them | 


or leſs. And I believe ſomething of this may 
de deduced from Obſervations made of the State of the 
| Air at the Times of the New and Full Moons. And that 
1 this w 
| Dr. 
3 I L 


ad ha obs 7 e 0 


R. 


1 his De 7 Solit 


= 0 
— 7 os 


(XEVIL) * 1. 1 11 = eres; that People have | 
| butian Hbſenre Idea or confuſed Notion of 


dal Current of Air from Eaſt to 


N Ha Cauſe of this:pef 19 
int Eaſt Wind under the — 


| Weſt]! or of a ce 


| there re in order tõ elucidate this Matter, I ſhall repre- 
n, and explain it by, a Figure. Let CBADE plate 


| fent 


the Caſe in reſßect to the two laſt great Storms, 
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de Paſt of a Section of the Atmoſphere over the Equa- XXXII. 


| tor, che Eaſt, Ede Weſt; A the Point to which the 
Fun Yfis vertical, ane = the ET of g teſt Ratefac- 
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; Plate 
XXXII. 
Fig. 1. 


F 'Winvs and Souxps. 
Now it is eaſy to underſtand, that by à 
Compoſition of theſe two Directions of the 


2. That this Point R is on the Eaſtern Side of the 


Point A is not difficult to be conceived, when what is 
ſaid concerning the Tide in Annot. LXXXIV. is well 


conſider d. And becauſe the Air at R is, by Suppoli- 


tion lighter than where it is colder at C and D, it is 
plain that, in order to maintain an Equilibrium, (which 
is neceſſary in a fluid Body) the Air by its greater 
Weight will have a Tendency from C and D towards 
R, and riſe to a Height there greater than at C or D, 
in Proportion as its Denſity is leſs, - _ 
3. Now this being the Caſe, it is evident, the Sun 


being always between the Points R and D, will be 


heating the Air on that Part; and thoſe Regions be- 
tween Rand C, having been deſerted by the Sun, will 
grow cold: Conſequently, the Air between C and R, 


as it is colder, will likewiſe be heavier than that between 


Rand D which is hotter, and fo will have a greatet 
Momentum, or Quantity of Motion, towards the Point 
R ; and fince this Point R is conſtantly moving after 


the Point A Weftward, the Motion of the Weſtern Ait 


towards it will be in Part diminiſhed by that Means ; 
and being alſo inferior in Quantity to the Motion of 
the Eaſtern Air, the latter will prevail over it, and be 
conſtantly following the ſaid Point R from Eaſt to 
Weſt, and thus produce a continua! Eaſt Wind. 

4. It may perhaps be here ſaid, that though the Mo- 


tion of the Air be leſs from D to R, yet it is ſomething; 
and ſo there ought to be a Weſtern Wind, at leaſt in 


ſome Degree, and to ſome Diſtance Weſtward of the 


Point R. To which I, anſwer, That the Nature of a 


Fluid will not permit two contrary Motions to reſtore or 
ſuſtain an Equilibrium, (I mean in regard of the whole 


Body of it) for wherever one Part of the Fluid is deter- 


mined to move, all the reſt muſt neceſſarily follow it; 
otherwiſe the Equilibre of the Air would be deſtroyed 
in one Part, to make it good in another; a Defeat 


leads nnd Shue ans EAwma TT. 


which Nature cannot be guilty of. Thus we fee the fit 


Alx 


U 


vel 


a a certain Diſtance on each Side the i; 
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Air from the Eaft and Nerth, a conflant 
North-Eaft Wind will be generated in the 
Northern Hemiſphere, and a conſtant South- 
Eaft Wind in the Southern. Hemiſphere, to 


tor, all round the Earth. And this Caſe 
we find to be verified in the General Trade 
Winds, which conſtantly blow from the 
North-Eaft and South-Eaſt, to about 30 Pe- 
grees on each Side the Equator, where 
thoſe Parts are over the open Ocean, and 
not affected with the Reflection of the Sun- 
Beams from the heated Surface of the Land; 

for in this Caſe the Wind will always ſet 
in upon the Land, as on the Coaſt of 
Guinea, and other Parts of the 7 orrid Zone, 
we know it dogs (XCIX, . HY 


Tides of the Ocean always follow the + Courſe of the 
Moon from Eaſt to Weft, without any Motion of the 
Waters from the Weft cowards the Moon, in the open 
Oceans: And the Point R can only be conſidered as 
the Aerial Tide, or Fliod of High Air; and has —_ 
the ſame Phænomena with aqueous Tides. 
5- This being clearly underſtood, all the reſt i is ea 

for no one can find it difficult to coneeive how the a 


Air from each Pole muſt neceſſarily ſet in towards the 


Equator directly, where meeting, and interfering with 
the Eaſtern Current, it does with that compound a new 
Direction for the moving Air, which lies between both 
the former, vjz.'a North Eaff Current on the North 
Side, and a South Eaſt one on the South Side: All 
which naturally reſults from the Doctrine o —— the Compe- 
1 obligue eben (See Annet. XXI 

XCIX.) Mr. Clare, in his Motion of. an has a 
4 pertinent Experiment for illuſtrating this Matter. 
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As the Motion of the Air has a greater 


or leſſer Velocity, the Wind is Aronger or 
aveaker ; and it is found from Obſervation, 


that the Velocity of the Wind is various, 
from the Rate of 1 to 50 or 60 Miles per 


Hour (C). | 


It is thus: Let there be a very wide Diſh or Veſſel of 


W ater, in the Middle of which is to be placed a Water- 
Plate fill'd with warm Water; the firſt will repreſent 


the Ocean, the other an Iſland rarifying the Air above 


it. Then holding a Candle over the cold W ater, blow 
it out, and the Smoke will be ſeen to move towards 
the warm Plate, and riſing over it will point out the 
Courſe of the Air from Sea to Land. And if the am- 
bient Water be warm'd, and the Plate fill'd with cold 
Water, and the ſmoaking Wick of a Candle held over 
the Plate, the contrary will happen. 

(C.) 1. The Experiment to prove this, is to chuſe 
a free open Place, where the Current of Air, or Wind, 
is not at all interrupted, but flows uniformly, or as 
much ſo as the undulatory State of the Atmoſphere will 
admit ; in ſuch a Place, a Feather, or ſome very light 
Body, is to be let go in the Wind, and then by a Half 
Second Watch, or Pendulum, you obſerve nicely to 


what Diſtance it is carried in any Number of Half. 


Seconds; or in how many Falf- Seconds it has paſs'd 
over a given or meaſured Space; this will give the Rate 
85 Velocity in the Wind per Second, and of courſe per 
our. N | | 
2. The late Rev. Dr. Derham, who was moſt accu- 


rate in making Experiments of this Sort, approves of 


this Method before that of the Mola aluta or pneumatica 


invented by Dr. Hool (of which ſee an Account in the 


 Philsſephical Tranſaftions, No. 24.) And he tells us (in 


N. 313.) that he thus meaſured the Velocity of the 
Wind in that very great Storm of 1705, Augu/t 11. 
and by many Experiments he found, that it was at the 


Rate of 33 Feet per Half. Second, or of 45 Miles per 


Tuus 
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Tuus much may ſuffice for a general 
Account of the Nature and Origin Winds: 


Hour; whence he concludes, that the moſt vehement 
Wind (as that of 1703 in November ) does not fly at the 
Rate of above 50 or 60 Miles per Hour ; and that at a 
Medium the Velocity of Wind is at the Rate of 12 or 
15 Miles per Hour. In 8 
3. And ſometimes the Wind is ſo ſlow as not to ex- 
ceed the Velocity of a Perſon riding or walking in it; 
and in that Caſe, if the Perſon goes with the Wind, 
he finds no Wind at all, becauſe there is no Difference 
of Velocity, or no relative Wind, which is that only 
that we are ſenſible of whilſt in Motion; the Reaſon of 
which we ſee in Annot. XX. | 
4: The beſt Method, that I know of, to bring the 
Force of the Wind to a Mathematical- Calculation and 
Certainty, is by the following new contrived ANEMo- | 
scoPE, of which I had the firſt Hint from the late inge- plate 
nious Dr. Burton. ABCDEFGHI is an open Frame XXXII. 
of Wood, firmly ſupported by the Shaft or Poſtern I. Fig. 2. - 
In the two Croſs Pieces HK, LM, is moved an hori- 
: zontal Axis QM, by means of the four Sails gb, cd, 
; ef, gh, in a proper Manner expoſed to the Wind. 
| WW Uponthis Axis is fixed a Cone of Wood, MN ©; upon 
; which, as the Sails move round, a Weight S is raiſed b 
a String on its Superficies, proceeding from the ſmall to 
the largeſt End NO. Upon the great End or Baſe of 
the Cone is fixed a Ratchet-Wheel i +, in whoſe Teeth 
falls the Click X to prevent any retrograde Motion 
from the depending Weight. | 
5. From the Structure of this Machine, tis eaſy to 
underſtand, that it may be accommodated to eſtimate 
the variable Force of the Wind, becauſe the Force of 
the Weight will continually increaſe, as the String ad- 
vances on the conical Surface, by acting at a greater 
Diſtance from the Axis. And therefore, if ſuch a 
Weight be put on, on the ſmalleſt Part at M, as will 
juſt keep the Machine in Equilibri with the weakeſt 
Wind ; then as the Wind becomes ſtronger, the Weight 


1 We 
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We proceed now to the Dofrine of Sounds, | 
We know by the Experiment of the Bel! : 


Baſe of the Cone NO my be fo large in Compariſon a 
of that, of the ſmaller End or Axis 225 chat the 
We 


ſrengeſt Wind ſhall but juſt raiſe the Weight to the 


great End. „ . 2 
6. Thus for Example, let the Diameter of the Axis 
be to that of the Baſe of the Cone NO as 1 to 28, + 
then i S be a Weight of one Pound at M on the Axis, it 5 
' will be equivalent fo 28 l. or # of an Hundred, when ] 
raifed to the greateſt End. If therefore, when the 
Wind is weakeft, it ſupports 1 15. on the Axle, it muſt . 
be 28 times as ſtrong to raiſe the Weight to the Baſe | 
| of the Cone, Thus may a Line or Scale of 28 equal ic 


Parts be drawn, on the Side of the Cone, and the 
Strength of the Wind will be indicated by that Number f 
therein from which the String ſhall at any time hang. 5 

4. Futhermore, the String may be of ſuch a Size, | 
an 


: and the Cone of ſuch a Length, that there ſhall be 16 
Revolutions of the String between each Diviſion of the : 
Scale on the Cone; ſo will the Strerigth of the Wind * 
be expreſs'd in Pounds and Ounces. And if greater | 82 
Exactneſs be required, let the Periphery of the Cone's i = 
| Baſe be divided into 16 equal Parts, then whenever the oF 


Equilibrium happens, the String will leave the Conic W 
Surface againſt one of thoſe Diviſions, and thus ſhew the Fl, 
Force of the Wind to a Dram Averdupois Weight, 
. Having premiſed thus much relating to the Struc- the 
ture and Nature of the Inſtrument, I ſhall now proceed 
to a more, particular Examination of the Theory of the 
Wind-Mills, by re-aſſuming what we have formeil) 
ſaid on that Head (See Anniat. XLV.) Therefore let I Sa. 
In (parallel to the Axis QM) Da, repreſent the whole i = % 
Force of the Wind on the Sail; this Force is reduced to joe 
* and this again to n o, which acts normally to the i 
xis, and turns the Sail. Alſo we have ſhewn, that, bot 


putting m u=x, this Force which turns the Sail is ex- 
— 2 aux x ö 8 
preſſed b * and that when it was a Maximum An; 


in 


„ FF or WE 


in the exhauſted R 


then E: E 1 
Matter, viz. M = 4, their Effects will be as 1 
Squares of the Velocitics, viz. E: E:: V: N See 
Ant. XLIX. 17.) Therefore, when neither, the Ve- 
locity, nor Maſſes of Matter are known, the Effects 
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eceiver, that Sound hgs 

a neceflary Dependance « on the Air; and 

N AT; may ; and the Angle I m 580 as 
87 3 

9. Hence we abſerye, that when ;the Mill 2 Jits 

erte 1 A = 2 . 


2 ** 9 hence the mhole Fare in he Dede | 


Im is to 4740 ſame reduced, in the ps I: & K 


GLA 


to 2. 
10: Again, the whole Fo =_ in-che Diredtio Id 
to the ſame a ſecond Time r in, the Dir on 2. 


as 4 "IE that is, 4 100 e or 


— . | 
1 to 34 near] i or Feu des 
1 519 13 n h 


reduced is to the whole Force as 5 to 13. hen the 


Sails are poſited in the beſt Manner. 

11. Now in order to determine the abſolute F 5 
of the Wind, we muſt compare ,it with that 
Water, as follows. Singe Air Vater ar wh 
Fluids, if th move with equal Ve ocities, CN 25 

in a given Time will be as the Quantities of Matter, 
that is, (putting the Roman Letters for thoſe Particulars 
in Water, and . for the Tame in Air) FS), 


M. But in equal Quantities of 


will be in a given Time in a Ratio compounded..of 
both; that j is, E:E :: : MV* : AM. 


12. But we have ſhewn M! N . DB: Y B, (See 


Annot. LVI. 9 Ls; E353: DB I 5 1 
2 | 
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if we reflect on the Nature of the Particles 


of a ſonorous Body and thoſe of Air, we 


A a given Time. Let 1 25 now ſuppo ſe B=B; hoo: be- 
cauſe D:D : : 860: 1, (See Annot. LXXXIX. 6.) 
we have E : E 865 V*==: V, 3 and laſtly; if we ſup- 
poſe the Effects to be equal, viz. E=E, then we have 
$860 V*=/ >. Therefore if we put VæI 1, we have 860 


uz; and fo Y=V/860=29,326 ; that is, The Ve. 


booty of Air ought to be Jomewhat more than 29 Times 


greater than that of N. ater to firike a ES Surface with 
the ſame Force. 


43. Indeed Mr. Belider makes V = 254, becauſe 
he m_ ſtrangely 85 Es the ſpecific Gravity of Air to 


be 7 inſtead of i= „ on which Account all his 


Caleutations on this Head are very faulty. If V denotes 
any equable Velocity of Water, the Height H of a Fall 


neceſſaty to produce that Velocity is thus found, As 


f when the Velocity is not given. 


5 14. But (by art. 12.) * = 125 therefore 


32: 16 ( (54). V VH; or thus, As 1024 : 16:: 
v.: H= <= or putting VSt, we have H= 


1024 


87. Now a cubic Foot of Water, whoſe Height is I, 


Arrikes with a Force = 62, 5th; therefore the Force of 
a Column, whoſe Height i is H, ſtriking againſt a Sur- 


face of one Square Foot is 625 * = or= . hl 


IB 


2 


860 


| : 3; 2258 $2 2862, Ho, 976 Ib, the Force of a Stroke of a 


8 Cold of Water whoſe Velocity i is V= I, and of Air, 
' whoſe Velocity is ha = 29,3, and Height Het of a 


1 2 * * 


Foot z therefore — T5 —= X0,976= 0, 0113 2 will be a 
conſtant Multiplier to reduce the F. orce of Wind blow- 


"nal 


3 


1 E 8 
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ſhall find that Sound is nothing but the 


Propagation of the Tremors and Vibra- 


ing with any Velocity V, on any given Number of ſquare 
Feet or Area A, to Pounds Averdupois Weight, For 


Example, ſuppoſe the Velocity of the Wind at the 


Rate of 20 Feet per Second; here —= 20, and / = 


400, and 0,00113 JV = 0,00113X400 = 0,452 of a 


Pound on a ſquare Foot; and therefore on 10 ſquare 
Feet it will be 4,52 b.; on 100 ſquare Feet it will be 
45,216. ; on 1000 452 b.; and ſo on. 

15. Hence, to compute the Force of Wind on the 
Sails of a Mill, we proceed as follows: Admit the 
Length of a Sail be 30 Feet, and Breadth 6 Feet, the 
Area or Surface will be 180 ſquare Feet, and 4 X.180 
= 720 ſquare Feet, the Area of the 4 Sails; then ad- 
mitting the Velocity of the Wind the ſame as before, 
dix. 20 Feet per Second, the Force on each ſquare 
Foot is 0,452, and therefore o, 452 & 720 2325, 44 1b. 
This is the abſolute or whole Force of the Wind blow- 


ing directly on the Sails: But ſince when the Sails are 


ſet right, this Force is diminiſhed in the Ratio of 13 
to 5, therefore 33 $,44=I25,17 bb. 


16. Suppoſe the Diſtance from the Axis Q to each 
Sail be 5 Feet, then will the Diſtance of the Centre of 


Gravity PQ be 20 Feet; therefore 20 X 125,17 = 
2503, 4 lb. the mechanical Force of the Wind on the 


Sails per Second to produce the EffeQs within the: Mill, 


which may be computed as in the Example of the Wa- 
ter-Mill, Annot. XLIV. 2 | 
17. To repreſent theſe Things more generally, let 


A Ates of all the Sails, = Velocity of the Wind; 
then 0,0011 3 /* Ar abſolute Force, which multiplied 


5 


by 15 is 0,000435 VA Force reduced by the oblique 5 
Poſition of the Sails. Now ſuppoſe a Weight W 


hanging from an uniform Axle, whoſe Semidiameter is 


d, keep the Sails in Equi/librio with the Force of the 
Wind; then D being the Diſtance of the Center of 


os” . tions 


215 


—216 Of WINS and Sounns. 
tions of the former impreſs' d on the latter, 
3 —— che Rar, by 


Gravity of the Sails, we have D: d: W: o, 000435 
138. But becauſe, when the Machine is in its greateſt 
Perfection, the Weight it is charged with is but 4 of 
W, (See Amt. XI.) therefore $ W N. BB F = 
o;o00198 = A=P; then putting r=0,00019 „we have 
rV = A=P,. the reduced Force for the greateſt Effect; 


| 1 72 


= 
| therefore may be found by having A and P given. | 
109. Let; WS, the Velocity of which Weight let 
be u; then 3 V Velocity of the Centre of Gravity of 
the Sails: then _ 'P=uX10, whence any one of the 
four Terms may be found, the reſt being given. Al 


3 1 


* 


PF le, orguw=r/* A; whence again 


any one of the four Quantities A, V, w, u, may be 


found, the others being known. See farther on this 


Subject my Naw Principles of GROGRAPHY and 
„ Ä(VVV%/ ⁵³ PT ER fl 

20. Since the Force of the Machine is as AX N 

D, it will be a Maximum when AXD is greateſt, the 

Velocity of the Wind V. remaining the ſame; and if A 

the given, the Maximum will be when D is greateſt of 

all. Hence it appears, that if we are not confined to 2 


plate given Diſtance from the Axis Q for n | 


XX X11, we may diſpoſe the given Surface A into the Form of an 
Fig. 3. ſcel:s Triangle in each Sail, viz, ſuch as, ABCD, in- 
| ſtead of the equal Parallelogram Sail 2 b c 4 in common 
Uſe; for in the Triangular Sail the Center of Gravity 


is at P, and its Diſtance 'is QP ; whereas in the Rec- 


„ - We 


laſtiy, T, the Velocity of the Wind, which 


W 
tl 
re 
Mm 
pl 
w 
A 
tr 
v. 
tc 
A 
N 


- 


» O@ 3 "ry, eve 


„* 
13 


chen the Area A go Feet, qugre. Let -Q Diequal 5, 
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the Action of whoſe Membrane they are 
communicated to the Air in the internal 


8 Sail a Be che Centre of Gravity is inthe 


middle Point p, and its Diſtance is Qn. much les 


than before. 
21. For Example, let a = 6 Feat, and) bc r g03 


then is Q p=20z=D, and AX DO. But in the 
Triangular Sail the Diſtance Q 35 =D, antk therefore 
AX Doo. The. Foree therefore ofthe ſame Wind 
upon the ſame Quantity of Sail, at the ſame Diſtance 
ODifrom the Axis, in the W ABC:, 
is to that on the ng as .LO$O-t0+bodQs 
that is, QP = 357m Qib = an, eras 7 to 4, which 
therefore is nearly twice as great. The Truth of all. is 
erident by inspection: of dhe Figure: and Annat. XX RN. 
85 
= 1]-fuppoſe! it wasiame/Copſideration ofithi: Kind 
which led Mr. Parent to propoſe Sails: in Fotm of Ellip- 
tic Seftor:;; for the Centers of Gravity in them alſo dare 
removed to about two Thirds of their Length, and are 
moreover better adapted to fill a. circular, Space when 
placed oblique to the Wind, ſo that no Wind be loſt 
when you would take in all that falls on a given Space or 
Area. But for what Reaſon he ſheuld declare the 
3 common. Sail: to be more ad- 
vantagedus than the | ong3 I am at a Loſs 
to gueſs, However, as I have not ſeen any thing be 
— wrote on esa, 1 (ſhall em more of the 
tter. 1 
23. As it r eee recaunt all che variqus 
Uſes which are or maybe made of chis maſt uſeful, uni- 
verſal Element of Air, both for Natural and Mechanical 
Parpoſes:; I ſhall content myſelf, with ſetting before the 
Reader the Theory off that woſt uſeſul domeſtic Inſtru- 
ment the BRLLOWS, by wheſe means che Action of 
Fire, or Intenſity of its Heat, may be increaſed to a 
prodigious Degree. And for) this, Eurpoſe I hallt have 
tecburſe to Dr. Malers Veatroa/oR/ays, Vol. II. Page 
329, pere wwe find. he following i Computatians. 5 


114” » Ca- 
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Cavities of the Ear, where the Auditory 
| Nerve receives the Impreſſion, and ex- 


24. The Doctor meaſured the upper Surface of a 
Pair of Smith's Bellows, and alſo the Space they de- 
ſcended through in a Second of Time; by which he 
found the Quantity of Air expell'd in that Time was 
495 Cubic Inches in its compreſs'd State, Now to 
find what Degree of Compreſſion it ſuffer'd, he fix'd a 
Mercurial Gage to the Noſe of the Bellows, and found 
the Force of the compreſs'd Air ſufficient to raiſe the 
Mercury one Inch high, at a Mean. Hence it appear'd, 
that the Force with which the Bellows impell'd Air into 
the Fire was 3s of the Weight of the Atmoſphere. 

25. Hence alſo it follows, that the Air driven thro” the 
Noſe of the Bellows in one Second was more than 49; 
Inches by 4; Part of that Quantity, viz. by 16,5 Inches, 
which added to the former make 51123 Inches of com- 
mon Air. To find the Velocity with which this Air 
was impell'd, he meaſured the Area of the Orifice of 
the Noſe, and by that divided the 495 Inches, which 
gave for the Quotient 825 Inches, -or 68,73 Feet, for 
the Length of the Cylinder of Air which ruſh'd per Se- 
cond thro' the Noſe of the Bellows-; which prodigious 
Velocity of Air acting conſtantly: on the elaſtic re- acting 
Particles of Fire muſt immenſely increaſe their inteſtine 
Motion, and proportionably augment the Heat, which 
conliſts therein, and from which all our Senſations of 
this Kind are derived © 0_ | 

26. The Doctor concludes with a Query, Whether 
if the Force with which the Air is impell'd by the Bel- 
lows into the Organ Pipes were taken in this Manner, 
we might not eftimate the Velocities of the Undulations 
of Air required to form the various Notes or Sounds; 
The Velocity of undulating. Air to that of Water being 
as their Denſities inverſely, nearly, viz. as 860 to 1, as 
will be ſhewn farther on. 8 8 

27. Mr. Martin Triewald of Sweden has lately ex- 
hibited a new Invention for producing a continual 

Stream of Air, to blow the Fire of great Forges, Foun- 
deries, c. and which may properly be call'd WATER- 
"$5 cCites 


a o e 


the Bell (by W 
Water, by whic 
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cites the Senſation in the CoMMON Sex- | 
SORY in the Brain (CI). 


BeiLows ; for the Contrivance is two hollow Bell- 
formVeſlels, ſuſpended from the Ends of a Lever,which 
is put into Motion by a Stream of Water running into 
two Troughs, both uniting or joining rather at the 


Stream, ſo that only one at a Time can receive the 


Water; which running to the larger and wider End, 
laid over the End of the Lever, does by its Weight car 


the Lever down on that Part, till by deſcending the 
Water all runs out; and then the other 'Trough 


(which was filling in the mean time) preponderates, 

and forces down the other End of the Lever; and thas 

the Machine is conſtantly: kept in Motion. 

28. When one Arm of the Lever is raiſed, the Bell 

or Bellows hanging from it will be raiſed above the Sur- 

face of Water (in\which the Machine is placed) that it 

may be fill'd with 58 Upon the Deſcent of the Lever, 

affix d to it ) deſcends into the 

Tr the included Air is greatly 
compreſs d, and thereby fore'd to paſs through a long 
ſmall leathern Tube, going from the Top of the Bell 
to other metalline Tubes, which convey it to. the Fire. 


Thus, by means of theſe two librating Bells, a con- 


ſtant Blaſt of Wind is ſupplied, whoſe Velocity may be 
increaſed or diminiſhed by proper Contrivances, which 


the Reader may ſee in the Phil:ſaphical Tranſactions, 


together with a Print of the Engine. + 

(CT.) r. The Structure of the Ear, with its admir- 
able Apparatus to conſtitute an Organ of Hearing, is well 
worth the Attention of every Man. The external Part 
is adapted for taking in a large Portion of the tremulous 
Air, which is reflected ſtrongly by a fine, elaſtic, tre- 
mulous Cartilage, and by this means it is convey'd 


more denſe and elaſtic to the interior Cavity, or Cancha 


of the outward Ear. 


2. The free, hollow, elaſtic Aperture of this Cavity, 


conſtructed with proper Muſcles, is by that means ca- 


pable of being expanded, contracted, and every way 
adapted to receive the various Tremors of the Air: 


Fox 
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For the Parts of a ſonorous Body, ons q 
| put into Motion by Percuſſion, do vibrate 


And moreover it is ſo diſpoſed, that it is able more ] 
firmly to unite and condenſe, or more laxly to diſperſe Þ 
or rarify, the ſame aerial Rays, ſo as to accommodate Þ 
itſelf for attemperating a Sound too ſtrong, and aug» 
menting it when too weak, as Occaſion requires. 
3. The Adeatus Auditarius, conſiſting partly of a car-- Þ 
tilaginous and partly of a bony Pipe, .conveys-the:Sound | 
towards the interior Parts, and the Obliquity of the 
Canal increaſes the Superficies, and ks mul- 3 
tiplies the Points of Reflection. Moreover, the trian- 
gular cartilaginous Tongue, by its claſtic tremulous 
Texture, and. erect Poſition in the Hollow of the Cancbha, 
Juſt over the Orifice of the Auditory Paſſage, cauſes, by 1 
an egregious Mechaniſm, that all the Ray s of iSound 
which arrive at the Ear: ſhall enter the ſaid ail 9 
prevents their flying out again by any Reflections hat- 
ſoever. Its tubulous imme al Figure, by a2 
ſerpentine Progreſs firſt aſce „ then deſcending, 
and then aſcending again till it terminates in the Mem- 
ibrane of the Tympanum, inctreaſes the Reflection and 
Sound, and cauſes that all the ſonorific Rays ſhall at 
Jaft fall. united upon the central Point of its End 3 hin- 
dering at the ſame time all Senſation of a eonfuſed and } 
clangorous Sound. 43 
4. The Jembrana Tympani, or fine 1 at 
the End of the Meatus Auditorius, is ſo obliquely extend- } 
ed acroſs the .Paſſage,. as above to make an obtuſe 
Angle, and below an acute one with the ſaid Meatus. 
Hence the Surface is increaſed, .and render'd more ca- 
pable of -tremulous Concuſſions, and of concentering J 
the Rays upon its middle Point. 1 
| 5. This Membrane being demand upon and con- 
nected: with the bony Margin of the Meatus, is on the 
fore Part (towards the Meatus) concave, and convex | 
behind or on the internal Part, where it is applied to the | 
Handle- Part of a little Bone call'd the Malleus or Ham- g 
mer, whoſe Head is moveable in a bony Sinus on one Part, 
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Of Winvs and SouNnDs. 
| forwards and backwards through very 
| ſmall Spaces, by their elaſtic Quality. In 


and on the other it is articulated with another little Bone 
call'd the Incus or Anvil, which freely moves in that 
Articulation ; and on the other End it is again articulated 
with a little orbicular Bone, and with the Stapes or 
Stirrop, which on its Baſe Part is connected to a Mem- 


brane ſpread over the Foramen Ovale or elliptic Hole 


of another bony Cavity call'd the Veſtibulum. 
6. But as it will be impoſſible to give an Idea of this 
wonderful Conſtruction without a Print, therefore let 


Plate 


AB be the external Ear; C its Concha, or Cavity; DE XXXIII. 
the Meatus Auditerius, which in Length is 74 Tenths Fig. I. 


of an Inch, in Breadth 3, and in Depth 4. G is the 
Membrana T;mpani, h the Handle of the Malleus; k the 
Incus, and i the orbicular Bone; n= the Stapes, and r 
the Veſtibulum hollowed out of the Os Petroſum, in the 
Cavity of the Labyrinth. | | 

7. In the Veſtibule we obſerve the following particu- 
lar Conſtruction of Parts. On the larger Part are 
three ſemicircular Canals or Conduits O, P, Q, which 
communicate by five Orifices with the Cavity of the 
Veſtibule ; they are of a bony Subſtance, and of an el- 
_ liptic Cavity. The leſſer Part of the Veſtibule com- 
municates with the Cochlea, or ſpiral Fabric S. 

8. This wonderful Part merits particular Notice, and 
is therefore repreſented by itſelf in two Figures; where- 
in is ſhewn the bony conical Canal ST, making 22 Re- 
volutions round a bony Cone from the Baſe to the Apex 
T. This ſpiral Cavity is, from the Baſe S to the Top T, 
divided by a tranfverſe Septum, or Partition, of a triangu- 
lar Figure, repreſented by Z X. This on its Baſe Part ad- 
hering to the Cone is bony, (which is ſhewn by a, a, a,) 
and is of an elaſtic tremulous Texture, and exceeding 
ſmooth or polite, The exterior Part 5, b, b, is of a 
membranaceous nervous Texture, whoſe Chords or 
Fibres lie as repreſented in the Cut: It is connected with 
the bony Baſe on one Part, and with the Canal on the 
other, ſo that the ſpiral Duct of the Cochlea is divided 


this 


Fig: 2, 3. 
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this Action they affect the Particles of Air 
contiguous to them, and compel them up- 


into two equal Cavities without any Communication 
with each other ; though the Orifice of the ſuperior 
Cavity opens into the Veſtibulum, and the other is ſhy 
cloſe by the Membrane of the Foramen Oualwu. 
9. The Auditory Nerve V enters the Veſtibule by 
ſeveral little Holes as at S, and forms a curious Linin 
or Tapis all over the inſide Surface both of the Veſti- 
bule and its ſemicircular Canals O, P, Q. Theſe 
Nerves alſo paſs into the Cochlea, and entering between 
the two Membranes of the triangular Zone, or Septum, 
Z. XN, do there divide, and branch themſelves out into 
an exquiſite membranous Expanſion on each. Side the 
ſame, which thus becomes the more immediate Organ 
of Hearing. | 


10. This Cavity of the Veſtibule is always fill'd with 


an elaſtic Air, though there appears no viſible Way by 
which it can enter. Alſo the Labyrinth or Cavity of 
the Drum is fill 'd with common Air, by means of the 
Euſtachian Du#t or Tube, as MN; the Orifice M 
opening into the Mouth, and N into the Cavity of the 
Labyrinth. ä 5 * 
11. Having thus premiſed a Deſcription of the ſeve- 

ral Parts, we ſhall the better apprehend how Sounds 


are excited in the Mind. Thus the Pulſes of Air enter- 


ing the Meatus Auditerius DE are condenſed by various 
Refled ions through the Paſſage to their Incidence on the 
Membrana Tympani at G, which is render d more or leſs 


concave, or lax and tenſe, by the Handle h of the 34al- | 


leus, actuated by its proper Muſcle. By this means the 
Air contain'd in the Labyrinth is admitted, expell'd, 
compreſs'd or rarified, according as the Euſſachian Tube 


* 


is opened or ſhut. 
12. The Membrana Tynipani G being thus adapted 
for receiving the Sounds of tremulous. harmonic Bodies, 


and modulating the internal Air of the Labyrinth, can 


eaſily communicate the Impreſſions to the Incus K, 
which tranſmits them to the Os Orbiculare i, this to the 


On 
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on the firſt Impulſe to move forwards al- 
ſo ; and thoſe propel the next, and ſo on, 


$:apes n, and that to the Membrane of the Frramen 
Ovale of the Veſtibulum r. 


13. This Membrane, by ſuch an Apparatus of Parts, 


may be intended or remitted in infinitely different De- 
grees, ſo as to become adapted for the Tremors of 
every Sort or Degree of Sound ; and for communicating 
them to the internal Air, which affects the Nerves every 
where expanded over its internal Surface, but more e- 
ſpecially the nervous Expanſion of the Cochlea. | 

14. For here, as we have ſhewn, the Fibres of the 
Septum Tranſverſale, b, b, b, are contrived like ſo many 
Strings of an Harpſicord, of various decreaſing Lengths, 
and different Octaves, that ſo ſome or other of them may 


be of a proper Length to be in Concord with the ſound- 


ing Body, or to tremble with the ſame Vibrations, 
which by means of the Nerves are convey'd to the Com- 
mon Senſory in the Brain, where the Mind perceives 
and diſtinguiſhes the infinite Differences of harmonious 
and diſcording Tones. 

15. Thus, though we are admitted to view the a- 
mazing Mechaniſm of the Organ of Hearing, yet can 
we get but a general Notion of the Manner in which 
theſe Senſations are produced, or of the particular 


Functions performed by every Part, and the ſpecial Uſes 


to which theyfare ſubſervient, in the general Execution of 
this Senſe ; with reſpect to which there remains many 


things yet to be enquired after, even by the learned Beer- 


haave, as we find in Page 250 of his /n/{itutes, which ſee. 
16. From this Account of the Ear, we have a Solu- 


tion of ſome Difficulties; as, Why the Ear is affected 


with great Pain in going down into the Sea in a Diving- 
Bell: Why People generally open their Mouths when 
they liſten with great Attention: Why Deafneſs en- 
ſues on a Rupture of the Membrana Tympani, or from 
an Obſtruction of the Euſtachian Tube: Why we hear 


but one Sound with two Ears. But how ſome People 


taking Smoke into_the Mouth can emit it by their Ears, 


to 
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to a very conſiderable Diſtance, according 


to the Intenſity of the percuſſive Force. 


By this means the Particles of Air are com- 
prefs d nearer together, than m their na- 
tural State. 

Bur when the Parnclas of the fonoraus 
Body make the fecond Part of the Vibra. 


tion, by returning back again, the Particles 


of Arr alſo, by their repulfve Power, repel 


each other towards their proper Places, and 


thus again expand themſelves. 
Now fince Motion once generated in 


elaſtic Bodies continues ſame time; before 


it can be deftroyed by the Refiſtance and 
Counteraction of contiguous Bodies, it fol- 
lows, that the Particles of the ſonorous 
Body, and conſequently thoſe of the adja- 
cent Air, have for ſome time a reciprocal 
vibratory Motion, by going forwards and 
backwards through very ſmall Spaces in an 


_ indefinitely ſmall Particle of Time; which 


Motion gradually decreaſes, till it be to- 


dally deſtroy d (CII). 


is not eaſy to anſwer, there being as yet no Pads 
of the Membrana Tympani diſcovered ; though this 
ſeems a plain Demonſtration that there is one of a 


though not perceptible to the Eye 


(CH.): 1. The Doctrine of WER is the wands intri- 
cate and petplex d of any thing we find in Philoſo- 
phy; and perhaps this is the only Subject which the 


greateſt of Men has (in his. Principia) treated in 2 
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FroM the Nature of a Fluid, whatever 


Motion is generated in any one Particle, it 


Manner not quite ſo phyſical and mathematical as the 


Nature of the Thing required. I ſhall refer the Reader 
to the Commentaries of Meſſ. Le Seur and Jacguier on 
the Principia, where they will find Sir 122 Newton's 
Hypotheſis relating to the Motion of the Particles of an 
elaſtic Medium to be fallacious ; and other Methods 
propoſed, by which the Newtonian Doctrine of Sound 
is reſtored. I ſhall here add an Explication of ſuch 
Phenomeng only, es are of principal Concernment, and 
at the ſame time pretty eaſy to be underſtood. | 
2. Let ABC be an elaſtic String or Chord, fix'd 


| 22s 


pl ate 


in the Points A and C, and drawn out of its natural XXXII. 


of Tenſion, will, when let go, return by its natural 
Reſort, not only to its natural Situation ADC, but 


with the Motion it there has will go on to E, ſo that 


DE is nearly equal to BD; and from thence it will 
return again nearly to B; which Motion from B to- 
wards E, and from E towards B, will be reciprocated 
a great Number of Times before the Chord will come 


to a State of Reſt: And each Motion through the Space 


BE is call'd a Vibration of the Chard. 
z. When the Chord begins its Motion at firſt from 
B, it ftrikes the Particle of Air contiguous to it in B, 


and that will by its Approach towards the next affect 


it, by means of the repulſive Power, which keeps 
them all at equal Diſtances from each other; and fo 
on, through ſuch a Number of Particles as can receive 
the Motion while the String moves from B to D. Let 
A, B, C, D, E, F, G, c. - repreſent ſuch a Series 
of Particles of Air at an equal Diſtance, and the firſt 
Particle A contiguous to the middle Point B of ſuch a 


String, and agitated by it in its Motion. 


4. The String beginning to move, all the Particles 


A, B, C, will begin to move forwards alſo ; and hage 


this Motion is propagated in Time, let E be the re- 


moteſt Particle moved while the Chord 48 moving from 


Vor. II. . = 


Tight-lin'd Situation ABC. Such a Chard, in its State Fig. 4. 
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is by that Particle communicated equally 
to all around it, as from a Centre; conſe- 


B to D; during which Time the Chord, having an 


accelerated Motion, will cauſe the Particles to approach 
each other with an accelerated Motion likewiſe; and 
becauſe thoſe accelerated Approaches begin at A and 
reach to E, in the Time the Chord is going from B to 


D, therefore the Diſtance AB will be leſs than B C, and 


this leſs than C D, and that leſs than D E, and the Di- 
ſtance EF will begin to be leſſen' d when the String is 


arriv'd to the Site ADC, and the Particles A, B, C, 
D, E, F, Sc. will have the Arrangement repreſented 
n the ſecond Line. | 


5. Butnow the Chord, having acquired the Situati- 
on ADC, will be no farther accelerated, but on the 
contrary retarded, as it will now go on from D toE; 
the Effect of which upon the Particles of Air before it 
will be as follows. They will all go on forwards till 
the Chord comes to E, and the Particle A to its Situa- 


tion in the third Line: But ſince the Force upon A be- 


gins to abate as the String begins to move from D, the 
elaſtic Force now between A and B will, by acting both 


Ways, continue to accelerate the Motion of B, and 
retard that of A. Thus the Diſtance BC will till dimi- 


niſh till B come to be' nearly equidiſtant between A and 
C; and C will be accelerated till it be equidiſtant be- 
tween B and D; and ſo on. So that as the Accelera- 


tion is continued forwards, the Diſtances will diminiſh 
towards F; and by the Time the Chord is arrived at E, 
the Particles E E will be at their neareſt Diſtance. And 


fince the Motion of A is continually retarded, it will 


loſe what before it had gained in the ſame Time; and 
will therefore now be at the ſame Diſtance from B as 
at firſt nearly. So that the Particles from A to G will 
have the Situations as repreſented in the third Line. 
6. The Chord now returning from E to D, gives 
Liberty to the repulſive Power between A and B to ſe- 
parate them to a greater Diſtance than in their natural 
State, and which they at preſent have. By this means 


all the other Intervals BC, CD, DE, EF, will al- 


. quently 


\ 
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quently the Tremors of the ſounding 
Body will be propagated all around from 


ſo increaſe, and become ſucceſſively greater than the 
natural Diſtance; but that Exceſs will be leſſer in 
each, till you come to FG, which will be equal to the 
natural Diſtance, at preſent between A and B. The 
Motion at the ſame Time continuing in all the Particks 
from H to N, they will all move forwards, and the pre- 
ſent contracted interval between H and I will ſucceed be- 
tween all the reſt, till it arrives to the Particle N, when 
the Interval MN will be the ſame as at preſent is H I. 
And thoſe Particles beyond N toS, will, by the preceding 
ones, be put into the ſame reſpeCtive Diſtances, but in 
an inverſe Order, as thoſe have between G and N. And 
the whole Series (now the String is at D) will have the In- 
tervals of the Particles reſembling thoſe in the 4th Line. 
7. The Chord not ſtopping at the Situation AD C, 
but going on towards A B C with a retarded Motion, 
the Velocity of the contiguous Particle A will alſo be 
retarded and become leſs than that of B; upon which 
the Diſtance between them will be lelien'd, and the 
more ſo as the String approaches to B. Hence all the 
Intervals, now dilated beyond their natural State, will, 
by Degrees, contract; but gradually flower, till you 
come to F, where the preſent largeſt Interval between 
A and B will be found between F and G, and that be- 
- tween A and B will have acquired its natural Extent 
when the Chord is arrived at B. Then likewiſe the Par- 
ticles from G to N will acquire the ſame Situation as thoſe 
now have between A and G; and from N to 8, the 
ſame as now is ſeen between G and N; and fromS for- 
wards, the ſame as is now before the Particle N, the 
Point 8 being now the middle Point of Condenſation; 
all which is clearly ſeen in the 5th Line of the Figure. 
8. Thus the Condenſation which began at A, by the 
firſt Part of the Vibration, was propagated to G by the 
ſecond, from thence to N by the third, and laſtly to 
8 by the fourth Part of the whole Motion of the String 
in going and returning; and this Extent of Air, thus 
agitated by the Chord in going and returning, is call'd 


Qz the 
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the Point of Percuſſion, as a Centre, in 


concentric hollow Superficies or Shells of Air, 
which are not improperly called Aerial 
Pulſes or Waves of Air: Analagous to 
which are the circular Waves generated 


on the Surface of Water all around the 


Point where any Impreſſion is made, in any 
Manner or Direction whatſoever (CIII.) 


by Sir Jſaac Newton a Wave or Pulſe of Air. In which 
Wave the Particles from A to N are in a dilated State, 
and from N to X in a contracted or condenſed State; 
which two Parts of the Wave anſwer to the concave 


and convex, or low and high Part of a watry N ade. 


Plate 
XXXII. 


Fig. 6, 7. 


9. As the Chord goes on to make another Vibration, 
it will not only continue to agitate the Air at preſent 
in Motion, but will ſpread the Pulſation of the Air as 


much farther, and by the ſame Degrees as before; and 


the like will happen after every compleat Vibration of 
the String. Thus the Air being a fluid Body, and the 
Impreſſion made on any one Part affeQing all the Par- 
ticles alike around it; 'tis plain, thoſe Pulſes will be 
propagated in every Direction all around in concentric 
Aerial Shells or ſpherical Waves of Air. 

10. That the Motion of the Pulſes in an elaſtic Me- 
dium is analagous to that of Waves generated in the Sur- 
face of ſtagnant Water, is evident, when we conſider 
that the Condenſation of the Parts of the elaſtic Me- 
dium is in Licu of the Elevation of the Water; the 
elaſtic Force effects the ſame in the Medium as Gravity 
does in the Water, and the denſeſt Parts of the Pulſes 
correſpond to the higheſt Parts of the Waves. Where- 
fore as there is ſo great an Affinity between theſe two 
Phenomena, it will be requiſite, before we go tarther, 
to explain the Nature and Properties of aqueous Waves, 
which will therefore be ſhewn in the next Annotation. 
(CE) 1. Sir Vac Newton explains the Nature of 
Waves in Water after the following Manner, Let AB 
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Tus E Pulſes or Waves of Air are af- 


and C D be the Surface of Water quieſcent in the up- 


right Legs K L, MN, of a recurv'd Tube. And if 


the Water be put into Motion, and aſcends in the Le 

KL, to E F, it will deſcend in the Leg MN to G H; 
ſo that EF GH. Again, let P V be a Pendulum vi- 
brating in the Cycloid RPS; its Length VP, from the 
Point of Suſpenſion to the Centre of Ofcillation, is 


equal to half the Length of the Water in the Tube; 


let P be the loweſt Point, and P Q an Arch of the Cy- 
cloid equal to the Altitude A E. 1 $1 
2. The Force by which the Water is alternately ac- 


celerated and retarded in its Motion in the Tube, is 


the Exceſs of the Weight of Water in either Leg above 
the Weight in the other; and therefore when the Wa- 


ter in the Leg KL aſcends to EF, and in the other Leg 
deſcends to GH, that Force is equal to the Weight gf 


the two equal Quantities of Water AE F B&CGHTL 
—2AEFB; and therefore is to the Weight of the whole 
Water as E A to VP, or as PQ to PR, becauſe the 
Semi-cycloid P R is equal to the Length of the Pendy- 
lum which deſcribes it, from the Nature of the Curve. 
3. Alfo the Power by which the Weight P is in any 
Point Q accelerated or retarded in the Cycloid, is to 
its whole Weight as the Diſtance P Q from the loweſt 
Point P to the Lavark of the Semi-cycloid PR. Where- 
fore the moving Forces of the Water and Pendulum, de- 
ſcribing equal Spaces AE, PQ, are as the Weights to be 
moved; and therefore, if the Water and Pendulum are 
at firſt quieſcent, thoſe Powers will move them equally 
in equal Times, and cauſe that they go forwards and 
backwards together, with a reciprocal Motion. All 


which is eaſily deduced from what has been ſaid of the 
Nature of the Cycloid, the Motion of heavy Bodies, 
and the Forces of Bodies in Motion. 


4. Hence it fallows, that whether the Diſtance AE 
be great or ſmall, the Reciprocations of the Water will 
be all perform'd in &qual Times. Alſo it follows, that 
if the whole Length of the Water be 78,4 Inches, each 


2 I. They 
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I. They are propagated all around in a 


ſpherical undulatory Manner (as I ſaid but 


now ;) and that not only from the tremu. 


lous Body, but from the Holes in any 


Plate 
XXXI 
Fig. 8. 


Obſtacles they meet with: Whence it 


Comes to paſs, that one and the ſame Sound 


| Reciprocation, or Aſcent and Deſcent of the Water, 


will be perform'd in one Second of Time ; becauſe a 
Pendulum of balf that Length vibrates in that Time. 
Laftly, If the Length of the aqueous Canal be increaſed 
or diminiſhed, the Time of each Reciprocation will be 
Increaſed or diminiſhed in the ſubduplicate Ratio of the 
Length. | 

5. When the Nature of Waves in Water is conſider- 


ed, it will be found to agree very nearly with the Mo- 


tion of the Water in the Tube above mentioned ; and 
conſequently their Motion will be ſimilar to that of a 
Pendulum. For let E F G repreſent the level Surface 


of Water when it is not agitated ſo as to produce 


Waves ; when it is thus agitated, let A, B, C, D, re- 
preſent the wavy Surface; A, C, the higheſt Parts of 
the Waves; and B, D, the loweſt or concave Part. 
Then *tis evident the Weight of the Water at A above 
FG will cauſe it to deſcend as far below the Level to 
B; and with the Motion acquired by that Deſcent, 
it will again aſcend to the ſame Height C, and ſo pro- 
duce a conſtant Succeſſion of Waves in the watry Sur- 


face, after the ſame Manner as was ſhewn in the Tube. 


6. Hence it follows, that, becauſe the Length of 
the whole Water to be moved is from the higheſt Point 


A to the loweſt Point B, if the Length of a Pendulum 
be: AB, it will ofcillate once while the Water de- 
ſcends from A to B; and in another Oſcillation, it will 
aſcend from B to C, and fo on. So that a Wave will 
paſs thro its whole Length in the Time of two Oſcilla- 
tions ; and therefore in the Time of one Oſcillation of 
a Pendulum four Times as long, or equal to ABC. 
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may be beard by ſeveral Perſons, in any dif. 
ferent Situations with reſpect to the ſound- 


ing Body, if not at too great a Diſtance. 


II. The Denſity of theſe aerial Pulſes de- 
creaſes, as the Squares of the Diſtances from 


the ſounding Body increaſe : For ſince the 


Force or Motion in each Shell is the ſame, 
it muſt decreaſe as the Number of Particles 
increaſes in each Shell : But this Number 


of Particles is as the Superficies of the 
Shell, which is as the Squares of the Dia- 
meter or Semidiameter of the Sphere, that 
is, as the Diſtance from the ſounding Bo- 
dy, Hence the Diſtinction of Sounds in- 
to loud and low, ſtrong and weak, according 


as we are nearer to, or farther from, the 


ſounding Body, The utmoſt Limits of 


7. Whence becauſe ABC in very large and wide 
Waves is nearly equal to the Breadth AC; therefore 
when the Waves are 39,2 Inches broad, they will un- 
dulate in one Second of Time; and conſequently ſince 

the Times of all the Undulations are equal, there will 
be 30, 2 x 60 g 352 Inches, or 196 Feet run thro* by 
a Wave in one Minute, which is 11760 Feet per Hour. 
Hence alſo the Velocity of greater or leſſer Waves will 


be increaſed or diminiſhed in the ſubduplicate Propor- 


tion of their Breadth; that is, if V = Velocity of 
the greater Waves AB CD, and vg Velocity of the 
leſſer Waves a, b, c, d, e, f, &c. then it will be V: 
v AC: Vac. Becauſe the Velocities and 
Times of Bodies moved in any Manner by Gravity, are 
Proportional to the ſquare Roots of the perpendicular 


Altitudes; and thoſe Altitudes are as the Lengths of 


Pendulums, and therefore as the Breadth of Waves. 
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audible Sounds are about 180 or 200 Miles, 
(CIV.) * > 0 


(CIV.) 1. Let ABC repreſent the ſonorous Body ; 


Plate by the tremulous Motion of its Parts, it will agitate 
XXXIII. the Air contiguous to every Point as A, where it will 
Fig. 4. be condenſed to a certain ſmall Diſtance, and make a 


Pulſe or Wave of Air in the Manner as has been large- 
ly Thewh {Mt:notation CII.) The firſt Wave or Pulſe 


will by its elaſtic Power in expanding itſelf produce a 
Second, that a Third, and ſo on; till the impreſs'd 


Motion be diffuſed thro? too large a Quantity of Air to 
2. The Quantity of Motion produced by each Tre- 
mor of the ſohorous Body, being communicated ſuccef- 
ſively to larger Portions of Air, the Part thereof which 
each Particle will acquire will conftantly decreaſe, 
This Decrement of the Motion will be as the Incre- 


nent of the Number of Particles, which is as the Su- 
rficies of the ſpherical Shell; and fince all Super- 


facies are as the Squares of their Diameters or Semi-dia- 
meters, therefore the Force in the Particles of the 


Wave or Shell at D is to that in the Particles of the 


Shell at F as AF: to AD* ; that is, the Force of Sound 
decreaſes as the Squares of the Diſtances increaſe. _ 
3 It is plain, the Diſtance to which Sounds may 
be heard will be proportional to the Magnitude or In- 
tenſity of the Stroke made on the tremulous Body e- 
mitting the Sound ; for the greater that Stroke is, the 


greater will be the Agitation of the Parts of the ſono- 
| Tous Body, and of courſe the greater will be the Force 


with which they will ſtrike the Particles of Air. Laſtly, 
the greater Force is upon the Air, the more ſtrongly 


will it be condenſed and expanded; hence the greater 


will be the Stroke at any given Diſtance on the Drum 


of the Ear, and conſequently the greater will be the Di- 


_ at which the Agitation of the Air will be ſen- 
E. 7 5 
4. The Experiments are numerous by which it has 


been found, that Sound is audible to the Diſtance of 
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III. 41 the P ulſes, whether denſer or rarer, 
move with equal Velocities: This Sir Iſaac. 
Newton has demonſtrated a priori, and al- 
ſo that this Velocity is at the rate of 1142 
Feet in one Second of Time; which moſt 
exactly agrees with the repeated and moſt 

accurate Experiments of the late Reverend 


Mr. Derbam. The Velocity of Sound is 
therefore near thirteen times as great as 
that of the ſtrongeſt Wind: And ſince it 


muſt neceſlarily increaſe with the Air's Ela- 
ſticity, it will be greateſt in Summer 
when the Air is moſt heated, and vice verſa 
in the Winter: Alſo, as the Motion of the 


Wind conſpires with, or is contrary to 


that of Sound, the Velocity of Sound will 
be in ſome ſmall Degree augmented or di- 


miniſhed thereby, though not diſcernible 


in Experiments. 


IV. The Interval or Diſtance of the 


Pulſes from each other is the ſame among all 
that are excited by the ſame Stroke: For 


ſince each Pulſe 18 cauſed by a ſin gle Vi- 


50, 60, or eighty Miles: But Dr. Hearn, Phyſician 


to the King of Sweden, tells us, that at the Bombard- 
ment at Heinis, A. D. 1658, the Sound was heard to 
the Diſtance of 30 Swediſh Miles, which make 180 of 


ours. And in the Fight between England and Holland, 


A. D. 1672, the Noiſe of the Guns was heard even in 


Wales, which e cannot be leis than 200 ws | 
| 5 | ration 
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bration of the ſounding Body, and fince 
they all move with equal and uniform Ve- 
locities, tis plain they muſt ſucceed each 


other at Intervals proportion'd to the Times 
of the Vibrations: but the Times of the 
Vibrations of the ſame Body are all equal; 
conſequently, the Intervals of the Pulſes 
wall be ſo too. (CV.) 


(C.) 1. Sir {/aac Newton and other Mathematici- 


ans have ſhewn (in a Method too prolix and intricate 
to be here repeated) that if a Pendulum were conſtrued 
whoſe Length was equal to the Height of an homoge- 
neal Atmoſphere, whoſe Denſity is every where the 
ſame with that of the Air upon the Surface of the Earth, 


in the ſame Time that ſuch a Pendulum makes * 


whole Oſcillation in going forwards and backwards, 
the Wave or Pulſe of Air -will paſs through a Space 
equal to the Circumference of a Circle deſcribed with 
a Radius equal to the ſaid Pendulum. 

2. Therefore while the Pendulum makes half an Of- 


cillation, or one ſingle Vibration, the Pulſe will move 


through a Space equal to half the Circumference: 


Whence the Space deſcribed by the Pulſe in the Time 


of a Vibration is to the Length of the Pendulum as the 
Semi-circumference to the Radius, or as the Circum- 
ference to the Diameter, that is, as 3,14159 to 1. 


Now the Length of ſuch a Pendulum is 30100 Feet, 


(as we have elſewhere ſhewn) but Sir Jſaac makes it 
29725 Feet, whoſe Meaſure we ſhall here follow. The 
Circumference of a Circle whoſe Radius is 29725 is 


186768, the half whereof is 93384 = Space a Pulſe 


paſſes through in one ſingle Vibration: But ſince a Pen- 


dulum 39,2 oſcillates in the Time of one Second, and 


the Times of Oſcillation in different Pendulums are in 


the Subduplicate Ratio of their Lengths; therefore, ſince 


in 29725 Feet we have SAT Inches, we muft ſay, 


As V 29,2 29,2 2 355700 :: 1: 953 Seconds. But in 
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V. The aerial Pulſes are propagated tage- 
ther in great Numbers from different Bodies 


that Time the Pulſe paſſes over 93384 Feet ; - conſe- 


quently, 99957 93384 :: 1: 979 Feet == Space paln'd 
through by a Pulſe in one Second of Time. | 


3. This then would be the Velocity of the Pulſes, | 
were the Particles of Air ſo very ſmall as that their 


Magnitude ſhould bear no ſenſible Proportion to the 
Intervals between them; and alſo if the Medium had 

no Admixture of any other Particles but thoſe of pure 
Air: Neither of which is the Caſe; for the Patticles 
of Air are ſo groſs that they will not paſs through the 
Pores of Glaſs any more than Water; and 81 Iſaac 
Newton ſuppoſes them to be of the ſame Magnitude 
with the Particles of Water or Salt. If this be ſo, let 
D = Diameter of the Particles, S = Space or Interval 
between them; then will S + D = Diſtance of the 
Centres of the Particles. Let N = Number of Particles 
in the Side of a Cube of Air, then will NS +ND= 
Side of the Cube. 

4. Again, let M = Number of Particles of Water 
in the Side of an equal Cube, and M D = Side of 
the Cube of Water; whence NSN D = MD. 
Then if the Denſity of Air be to that of Water as _ to 


A, we ſhall have 1: A 2: : Ns: Ms; whence 12 A = — 


N: M; conſequently, M = N Ar. Wherefore fince 


iti NS ND MD N DA, it will be 8S 4D 
and 8 = DAN —; therefore D : 8 a 


A —13 ene N $50D- 6 IL: AE 2 
3 If therefore A = 860, (as we have ſhewn) then 


N 2 2 9 nearly; ; if we 20 A= 1900, then AT = 1g. 
Whence D: STD:: 1: 9, or as 1: 10; whence the 
Diameter of a Patrick of Air will in ſuch Caſe be to 
the Interval between the Particles as 1 to 8 or 9. And 
fince the Motion is inſiantaneous through the ſolid Par- 


without 
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without Difturbance or Confufion ; as is evi- 


dient from Concerts of Muſical Inſtruments, 
Where divers Sounds, of different Intervals 


ticles of Air, * Hop make up 3 or 5 | Part of the 
whole Space 979 Feet paſs'd through in one Second by 


E Pulſe, therefore to allow for this we muſt add 2. or 


109 Feet to the former Sum; that is, 979 + 109 = 
10 8 Feet, for the Velocity of Sound per Second. 


6. But fince the ins #5 on conſiſts not of pure Air, 


but has an Admixture bf Vapours of a different Elaſti- 


city and Tone; theſe Vapours will not participate of 
| the Motion of pure Air, by which Sound is propagated; 


in like manner as an elaſtic String, if ſtruck, will not 
— another very near it, unleſs it be under the ſame 

egree of Tenfion, and of the ſame Tone. There- 
fore the. Quantity of Air producing Sound muſt be di- 
migiſh'd in Proportion to the Quantity of Vapour, in a 
given Space; in which Sir //aac ſuppoſes the Air is to 
the Vapour as 10 to I. Whence the Air and Vapour 
together in a given Space is to the pure Air as 1] 
to 10. 

f: But the Velocity of the Pulſes will increaſe in the 
Subduplicate Ratio, of the diminiſh'd Quantity of Mat- 


ter, that is, in the Subduplicate Ratio of 11 to 10, 


or in the entire Ratio of 21 to 20, (as he has ſhewn, 
Princip. Prop. 48. Lib. II.) Therefore, if we ſay, 
As. 20: 21 :: 1088: 1142; whence the real Velocity 


of Sound thus inveſtigated from the Nature of elaſtic 


Air by our great Author) is at length found to be at 
the Rate of 1142 Feet per Second. 

8. The Truth and Accuracy of this noble Theory 
have been ſufficiently . by Experiments, parti- 
cularly thoſe made by the late Rev. Dr. Derham, of 
which 1 ſhall give ſome Account by and by; but wil 
firſt lay before the Reader a View of the different Eſti- 


mates Dp of the Velacity of Sound by ſeveral eminent 


Philoſophers, as in the Table following. 
f and 
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and various Coincidences, ſtrike the Ear 
at once, yet with Diſtinctneſs and agree- 
is able Conſonance. e 


VI. The Particles of Air, and conſequently 


be reflected back under an Angle equal to that 


or , 
= The Honourable Mr. Roberts, 0 1300 

5 The Honourable Mr. Boyle, 11 
U Mr. Walker, 1338 

98 Mer ſennus, 1474 
of The Academy at Florence, 1148 

d; Royal Academy at Paris, 1172 


Sir Iſaac Newton, Flamſtead, : | 


Hal, and Derhan, N 


9. As no Man ever had a better Opportunity, ſo 


na none could improve it with greater n Afiduity, - 
Ip and Accuracy, in determining and ſettling the various 
75 Phænomena of Sounds, than the ſo oſten celebrated 


Philoſopher laſt mentioned. He proved by Experiments 
made with the Strokes of a Hammer, and the Explo- 
ſion of a Gun at the ſame time, at the Diſtance of a 


ferent Bodies was the ſame, or came to his Ear in the 
ſame Time. 


form, or that it paſs'd through Spaces proportional to 
the Times, he found by various Experiments made by 
the Exploſion of Guns at different Diſtances, as ap- 
pears by the following Table which he has given us: 


on Where the firſt Column ſhews the Places at which the 
90 Guns were fired; the ſecond the Number of Vibrations 
ö A of an Half-Second Pendulum ; the third the Diſtance 
wy of the Places in Miles and decimal Parts, as meaſured 


by Trigonometry ; the fourth the Diſtances meaſured 


of one Mile every 9+ Half- Seconds. 


the Pulſes, firiking againſt an Obſtacle, will 


Mile, that the Velocity of Sounds produced from dif- 


10. That the Motion of Sound was equable and uni- 


by the Velocity of Sound, admitting it to be at the Rate 


2 of 


i 
| 
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of Incidence; in the ſame manner as will 


be ſhewn in regard to the Rays of Light. 
Hence a Repetition of the Sond: heard by the 


At Hornchurch Church, 9 -— ©, 987 75 — 
North Okendon Church, 18: — 2,004 — 2,000 
. . - J 2221 3 
Dyminſter Mill, 12 1 2,4 2,48 
Litile Farley Church, 271 — 30 = 2,07. 
Rainham Church, T 
Alvel Mill, J 3. 
Dagenham Mill, CORE 0G 358 
South Weal Church, 4&5 Go 4480; 
Eaſt Thorndon Church, 462 — 5,09 — 5,03 
| Barking Church, 704 — 7.7 „ 
Guns at Blackheath, 116 —1235 — 12,56 


11. The great Exactneſs of ais Diſtances by 


Sounds appears from the above Table, as well as the 


Equability of the Motion; but to render this Matter 
Mill more certain and indiſputable; the Doctor took a 
Journey to Foulneſs Sands on the Coaſt of Eſſex, which 


form a ſmooth large Plain for Miles. On this Plain he 


meaſured 6 Miles in a right Line, and cauſing a Gun 


to be fired at the End of each Mile, he found that his 
former Obſervations were very Juſt and true, and that 


Sound paſs'd the firſt Mile in 94 Half Seconds, two 
Miles in 182, three Miles i in 27;, and ſo on to the End 


of the fix. 


12. The Academia del Cimento wade Experiments of 


big Sort, from whence they concluded, that the Velo- 


city of Sounds was ſo far equable, as not to be accele- 


rated or retarded by conſpiring or adverſe Winds; but 
in this they led themſelves and many others into a great 
"Miſtake, which was owing to their firing Guns at too 
near a Diſtance ; for in great Diſtances the Difference 
is ſenſible, as will appear by the following Table ot 
many Experiments which the Doctor made on the Guns 


fired at Blackheath, at the Diſtance of twelve Miles 


from his Houſe at Upminſter 


duet 
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direct Pulſes, will be made by thoſe which 
are reflected; which is what we call an 


Echo. | 
. jan, Vind. 
1704. Feb. 13. 6 to 12 N.— 91221 N. E. by E. 1. 
21. 115M, — 119 — E. 2 
1705. Mar. 30. 10M. — 113 — 8. ne 
Apr. 2. 835 pM. — 1144 — S. by W. 1 
3. 10M, — 1162 — 8. 4 | 
> 5. 1pM. '— 111 — 8. W. by W. 7 
13. 88 M. — 120 — N. by E. 2 
24. 5 pM. — 116 — 8. W. by W. o 
61 pM. — 1185 — W. 
85 11. 5 — 1152 — W. by N. 2 
29. 103 M. — 112 — 8. S. W. 6 
Oct. 6. io M. — 17 — E. S. E. 1, 2 
Nov. 30. Noon — 115 — 8. S. W. 4 
Feb. 15. 11M. — ge — S. by W. 
| 114 M. — 116 — S. W. o 
105 Nav. ag. Noon — 118 —. S. W. by S. 
Feb. 7. Noon — 113 — S. W. by W. 4 


13. In the firſt Column of this Table M denotes the 
Morning, pM the Afternoon, and N . oh Alſo the 
Figures I, 2, 3, 4, 5, 6, 7, affixed to the Points of the 
Wind in the third Column, denote the ſeveral Degrees 
of Strength with which the Wind blew at the Time 
when the Experiments were made. From this Table 


it is eaſy to obſerve, that in this large Diſtance (of near 


13 Miles) the Velocity of Sound is ſenſibly affected 
with the Current of the Air or Wind; for fince Black- 
heath lay near S. W by W. from Upminſter, we ſee that 
on April 5, 1705, when there was a ſtrong Wind con- 
ſpiring with Sound, it came in 111 Half. Seconds; 
whereas, in 'Feb. 13, 1704, when the Wind was di- 
reAly contrary, though but a gentle one, the Sound 
took up no leſs than 120 and 122 Half-Seconds in paſſ- 
ing the ſame Diſtance. The ſame is confirmed alſo by 
the Experiment on April 13, 1705. 


14. And it is farther obſervable, that the Acceleration 
of Sound depends on the Strength of the Wind ; for on. 


The 
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The Locus or audible Place of Sound, will 
be there where the Particles of Air firſt be. 


April 24, 1705, a S. W. by W. Wind in the loweſt 
Degree permitted the Sound to arrive in 116 Half. Se. 
conds ; the ſame Wind on Feb. 4, 1706, blowing with 
4 Degrees of Strength, brought the Sound in 113 Half. 


Seconds; and on April 5, 1705, the fame Wind with 


| when it fets with it; and ſo in Proportion for anf 


7 Degrees of Strength brought the Sound in 111 Ha f 
Seconds. The Winds which blow tranſverſely (as on 
April 3, Feb. 15, 1705.) ſeem not to affect the Velo. 
city of Sound, it paſſing then in 116 Half-Seconds, 
which is mean Velocity, as appears by the former Table 
in Article 10. . | 

15. The greateſt Difference we here obſerve in the 
Velocity of Sound, with or againſt the Wind, is 10 or 
11 Half-Seconds, or 5 Seconds; whence 1142 X 5,5= 
6281 Feet, which is ſomewhat more than a Mile = 
5280 Feet; and therefore for every io Miles we may 
allow Half a Mile, or 2640 Feet, when the Wind 
'blows ſtrongly againſt the Sound, and deduct the ſame 


other Diſtance. See a late Diſcourſe on this Subject in 
a Treatiſe entituled, Obſervations Aſtronomigues et Phy 
feques, par Don George Juan et Don Antoine De Ullea. 
16. The Velocity of Sound being determined, the 
Intervals of the Pulſes are known by 2 how man 
Vibrations the ſounding Body performs in one Second. 
Thus D. Sauveur found by Experiments, that an open 
Pipe, whoſe Length was about 5 Paris Feet, had the 
ſame Tone with a String that vibrates forwards and 
backwards 100 times in a Second; . conſequently, of the 
Pulſes made by ſounding ſuch a Pipe, there are about 
100 in the Space of 1142 Feet, or 1070 af Paris; and 
therefore a ſingle Pulſe occupies the Space of 11 t Feet 
Engliſh, or 10e Feet of Pars; ſo that the Length of 
the Pulſe was about twice the Length of the Pipe. 
Whence it is probable, that the Lengths of the Pulley 
excited by the ſounding of open Pipes are in all Caſes 
equal to twice the Length of the Pipes, 5 


gin 
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Lein to diffuſe themſelves in Form of Waves. 

Thus a Perſan ſpeaking in one End of a 

Tube, or Trumpet, will be heard as ſpeak- 
ting from the other. And as in the Caſe 

. of Light, we ſee the Image of an Object 

. always in the Direction of the reflected 

th Ray; ſo in Echoes, we. hear a Perſon ſpeak 

at the Place from whence the reflected 
Wave comes to. the Ear. Eu. 8 


17. This w was nder confirmed by he an Gentle- 
man by another Experiment. he made afterwards, in 
which he found that an open Pipe of about two Paris Feet 
in Length, was in Uniſon with a String which vibrated 
forwards and backwards 243 times in a Second; where- 


fore Tp = 4: nearly: that! is, the Length « of a Pulſe 


was about 43 Feet of Paris, or nearly twice the Eengyh 
of the 1 7 555 

(CVI.) 1. In order to account for the N: ature of 
Ecnoes, we muſt conſider, that Sound is perceived as 
coming from that Place, from which, as a Centre, the 
Pulſes are propagated. This is well known by Expe- 
rience : But to illuſtrate this' Matter, let A be the 9 plate 
from whence any Sound is, directly propagated, and XXXII. 
ſtrikes againſt any 'plain Obftacle CB, Rt ly large; Fig. 9. 
draw AF perpendicular to B C, and prodpce it to H, 
ſo that it m) be AF 2 Ff: the Sound reflected wil 
be perceived as coming from the Point H,. 5 

2. For let A B be the incident Ray, impinging againſt 
the Obſtacle B C in the Point E; from E draw the Ray 
K D, in ſuch a manner that the "Angle CED ma = 
equal to the Angle EF A, or that the Angle of 
dence may be equal to the Angle of Reflection; thin 
will ED be the reflected Ray of Sound, and, if pro- 
duced, will paſs through the Point H; for the * | 
FEH = CED=FEA. Therefore in the Triangles 
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BE C Aus the Sound 1 18 ſtronger 1 in Pro- 


portion as the Air is denſer, it muſt fol- 


AF E and EFH, ſince the Angles of one are reſpec- 
tively equal to the Angles of the other, and the Side 


FE common to both, the Sides of one Triangle will 
be reſpectivel equal to the Sides of the other, and 
therefore HF = AF; wherefore the reflex Sound 
will be heard by a Perſon at D, as coming from the 
Point H. 

3. As the place of the We or Point D 8 
towards A, the Caſe will conſtantly be the ſame with 
Reſpect to the Centre of Sound H; the Triangles 
will ſtill be equal. and all their Angles and Sides re- 
ſpectively; therefore when D coincides with A, the 


reflex Sound, or Echo, will be heard from the Point 


H; which was to be demonſtrated. 

4. The ſame Sound therefore is heard twice by an 
Auditor at D; firſt by the direct Ray AD, and ſecondly 
by the reflex Ray AED; provided the Difference be- 
tween A D and A E P be ſufficiently, great, that the 
direct and reflex Sound do not in the fame ſenſible Mo- 


ment of Time affect the Ear: For if the reflex Sound 


arrives at the Ear before the Impreſſion of the direct 
Sound ceaſes, the Sound will not be double, only ren- 
der'd more intenſe. | 

5. We know by Experience, if more than ꝙ or 10 
Syllables. are pronounced in a Second, the Sounds will 


not be diſtin and articulate ; therefore, that the reflex 


Sound may not be confounded with the dire& Sound, 
there Ws; to be at leaft the gth Part of a Second 
between the Times of their Appulſe to the Ear. But in 


the gth Part of a Second Sound runs through the Space of 


— 23 = 127 F cet ; 3 the Differ ence therefore between 


9 
AD and A E D muſt not be leſs than 127 Feet, for 
the Echo to be diſtinctly heard in D. 

6. Hence alſo it follows, that a Perſon ſotaking or 
-uttering a Sentence in A aloud, in order to obſerve the 


Echo by Reflection _ * Obſtacle B C, ought to 


low, 


mY . „„ „ „ «© wu 
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low, that the Voice paſſing through a Tube 
or Trumpet muſt be greatly augmented by 


ſtand at leaſt 73 or 74 Feet from it, that is, AF-= 74. 
And ſince, at the common Rate of Speaking, we pro- 
nounce not above 3; Syilables per Second (or read more 
than 20 Lines of Engliſb Poetry per Minute) therefore 


that the Echo may return juſt as foon as the three Syl- 


lables are expreſs'd, we muſt have twice A F equal to 
about 1000 Feet; or the Speaker muſt ſtand about 500 
Feet from the Obſtacle BC; and ſo in Proportion for 
any other Number of Syllables. | 

7. In all the Experiments which Dr. Derham made 
with the Guns at Blackheath, there was always a re- 
duplication of the Sound, particularly the firſt in the 
foregoing T able, on February 13, 1704; where the 
direct Sound came firſt in 120 Half-Seconds, and the 
reflex Sound or Echo in 122 Half-Seconds. "The Dif- 


ference in Time, being a whole Second, ſhews the Echo 


paſs'd over 1142 Feet more than the direct Sound; 
and that therefore the Phonocamptic Object, or Obſtacle 
which reflected the Sound, was very probably near the 
Guns; ſince after the Pulſes had paſs'd a great way, 
they would have been too weak, when reflected, to 
have made an Echo as ſtrong or ſtronger than the di- 
rect Sound, as the Doctor always found it was. 


8. By ſome Experiments which he made on Guns | 


fired on the River Thames, between Deptford and Cuc- 
kold's-Point, he obſerved the Sound was not only dou- 


| bled, but tripled, quadrupled, and ſometimes repeated 


many more times, and each ſucceeding Echo was louder 
and louder; and often when he heard thoſe Fragors of 
great Guns, he obſerved a Murmur aloft in the Air, 
eſpecially if the Heavens were quiet and ſerene: And 
thoſe Pulſes of Air he has obſerved to ſtrike againſt a 
thin Cloud, and produce in it a Murmur for the Space 
of 15, From hence he judged, that thoſe Murmurs 
in the Air proceed from the vaporous Particles ſuſpended 


in the Atmoſphere which reſiſt the Undulations of 


mms * the 
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244 . Of Wins and SOUNDS, 
the conſtant Reflection and Agitation of 
: the Air through the Length of the Tube, 


Sound, and yeverberate them to the Ear of the Ob- 
ſeryer, in the Manner of indefinite Echoes. 
9. Among the many pleaſant and ludicrous Phæno- 
mena of Echoes, thoſe which are Pohphonous, or repeat 
divers Syllables or Sounds diſtinctly, and are therefore 
call'd . or Prattling E 5 afford the moſt 
curious Amuſement. Of theſe there are ſeveral re- 
markable in different Parts of. the World, and particu- 
Jarly here in England; concerning. which I refer the 
Reader to Harris's or Chamberss DiCTazoNARY under 
the Word Eche, or to my PP1LOSOPHICAL GRAM- 
RE 25 47 Slime ß To mins 
10. Nor is this merry Phænomenon of Sound with- 
out its Uſe; for by means of an Echo you may mea- 
ſure. inacceſſible Diſtances, the Width of large Rivers, 
Je. Thus Dr. Derham ſtanding upon the Bank of the 
Thames, oppoſite to N ooltuich, obſerved: that the Echo 
of a ſingle Sound was reflected back from. the Houſes 
in 6 Haf- Seconds, or 3 Seconds; conſequently, 
1142 K 3 . 3426 Feet: the Half of which, viz. 1713 
Feet, is the Breadth of the River there; which is more 
than a Quarter of a Mile, or 1320 Feet. | 
11. After the ſame manner we find the Meaſure of 
„ any Depth, as that of a Well for Inſtance. To do this, 
let a pace an heavy Body falls freely in one Second 
of Time, ö = Space through which Sound moves in 
the ſame Pime, and c = Time given in Seconds from 
the firſt Deſcent of the Stone to the hearing, of the 
Sound, and x z= Depth of the Well required. 
12. Then to find how long the Stone is in deſcend- 
ing to the Bottom of the Well, ſay, As a: * :: 1/ : 


„ 4.352457 a 6 „ EN 3 |; 9 
= = Square of the Time 7 in which the Deſcent is 


made, becauſe the Spaces deſcribed by fallin Bodies are 
as the Squares of the Times, ¶ Annot. XX VI.) where- 


ene Co | 5 
fore = =. 
* 7 
by 


| Time fought in Seconds; but tt e A + 


le 
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by which it is condenſed, and its Action 
on the external Air greatly increaſed at its 


13. Again, to find the Time t in which the 


Sound aſcends, ay, As dag”; 17 = === the 


e: M5 x 
AT: 


28 
i therefore x ＋ 5% be. CY . = 


*z and fince is the Square of V x, the foregoing 


is a Quadratic a ; age by compleating the 


Square, we have FE 72 15 = = + be = 


— (by putting 15 = GED 4abc). 


4a 


W hence extain g the Roots on n each Side we e have 2 


x cannot be a re Quantity; and GON it cart 


not be 4 / — -» dut muſt be/ x Xx 22 — 
ms 8 TS 


Therefore * = $a. = the Depth of the Well re- 


uired. * | * 1 
, 14. Now E - 16,122 Fd b= 11423 whence 
4a = 64,488, and bb=130416gz allo 44@ab6=7 3646: 
and if we fuppoſe g = ro, then 4a be = 736460, an 
bb+ 4 be = 5 2040524, Whence 5 = 1428,53 


* n= — 


| and 5s — b = b= 286,5; ; and 5 —b*= : 82082,25.,_ Conſe- 


quently — . = 1473 5 xz" or che Depth N ell 


is 1273 Feet. 


Pg CEPT ge... 


, S—# — 
15. Since ; 1 7. , we we hall have - Pu = 


3 


we 
«PS LE I 7ͤ * ; 
# 4. 8 4 2 © $ *. KB. 
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Exit from the Tube ; which from hence 


is call'd the Stentorophonic Tube, or Speak- 


ing-Trumpet. 
For the ſame Reaſon, thoſe Funnel- 
like Inſtruments, which gather the larger 


and more languid Waves of Air, do greatly 


condenſe them, and heighten their Power 
and Action on the Drum of the Ear ; by 
which means Voices and Sounds are ren- 
der'd ftrong, loud, and audible, which were 


not ſo before to a deafen'd Ear; and hence 


theſe Inſtruments come to be call'd Ota- 
couſtics. 

I SHALL only cle,” in repurd of thoſe 
Inſtruments which magnify Sounds, and 
aſſiſt the Hearing, that the longer they are, 
the greater is their Effect; and that of all 
the Forms or Shapes, none is ſo good as 
that derived ns the Revolution of the Lo- 


Wo go —3 
and therefore —== — 2 4 ided b that 
PETIT. Iv1 V4, at is, 


2 — — 286,5 | 
PS OE 5 24 *” PRE ** =8 89 Seconds, the Time of 


the Stone's Deſcent to the e Bottom of the Well. (See 
1195 12.) ” 


— 


156. The Time of the Sound's Aſcent is 32 c we ; 
== 2 1,11 of a Second. But 8 89+ 1,1 


= 10”, the whole Tune, as it it ought to be. 
* 13 GARITHMIC 
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| GARITHMIC CURVE about its Axis. 
(CVE 55 


ICvII.) 1. The Stentorophonic Tube, or Speaking- Plate 
. Trumpet, is uſed for magnifying of Sound, particularly XXXIII. 
that of Speech, and thus cauſing it to be heard at à Fig. 5. 
reat Diſtance, how it does this will be eaſy to under- 
ſtand from the Structure thereof. Let A BC be the 
Tube, BU the Axis, and B the Mouth-Piece for con- 
veying the Voice to the Tube. : 

2. Then 'tis evident when a Perſon ſpeaks at B in 
the Trumpet the whole Force of his Voice is ſpent up- 
on the Air contained in the Tube, which will be agi- 
tated thro* the whole Length of the Tube; and by va- 
rious Reflections from the Side of the Tube to the Axis, 
the Air along the middle Part of the Tube will be 
greatly condenſed, and its Momentum proportionably in- 
creaſed, ſo that when it comes to agitate the Air at the 
Orifice of the Tube A C, its Force will be as much 
greater than what it would have been without the Tube, 
as the Surface, of a Sphere, whoſe Radius is equal to 
the Length of the Tube, is greater than the Surface of 
the Segment of ſuch a Sphere whoſe Baſe is the Orifice 
of the Tube. | 

3. For a Perſon ſpeaking at B, without the Tube, 

will have the Force of his Voice ſpent in exciting con- 
centric Superficies of Air all around the Point B; and 
when thoſe Superficies or Pulſes of Air are diffuſed as 
far as D every way, 'tis plain the Force of the Voice 
will there be diffuted through the whole Superficies of a 
Sphere whoſe Radius is BD,; but in the Trumpet it 
will be fo confined, that at its Exit it will be diftuſed 
through ſo much of that ſpherical Surface of Air as cor- 
reſponds. to the Orifice of the Tube. But ſince the 
Force is given, its Intenſity will be always inverſely as 
the Nun of Particles it has to move; and therefore 
in the Tube it will be to that without, as the Superfi- 
cies of ſuch a Sphere to the Area of the large End 
of the Tube nearly. | $I . 
4. To make this Matter yet plainer by Calculation; 
Let BD = 5 Feet, then will the Diameter of the 


R 4 FROM 


| 
| 
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| From the fourth Property of the aerial 
Pulſes we have the Origin of the various 


Sphere DE ro Feet, the Square of which is 100, 

which multiplied by o, 78 54, gives 78, 54 ſquare Feet 
for the Area of a great Circle AH E FC. And there- 

fore 4 times that Area, viz. 4 78, 54 23 14, 18 ſquare 


Feet in the Superficies of the Aerial Sphere. If now 
the Diameter A C of the End of a Trumpet be one 
Foot, its Area will be o, 7854; but, 7854 : 314,16 
33 1: 400, therefore the Air at the Diſtance of BD 
will be agitated by means of the Trumpet, with a 


Force 400 times greater than by the bare Voice alone. 
5. Again, 'tis farther evident how Inſtruments of 


this Form aſſiſt the Hearing greatly; for the weak and 


languid Pulſes of Air being received by the large End 


of the Tube, and greatly multiplied and condenſed by 
the tremulous Motion of the Parts of the 'Tube and Air 
agitated by them, are conveyed to the Ear by the ſmall 


End, and ſtrike it with an Impetus as much greater 


than they would have done without it, /as the Area of 
the ſmall End at B is leſs than the Area of the large 


End AC. 


6. From what has been ſaid, 'tis evident the Effect 


of the Tube in magnifying Sound, either for ſpeaking 
or hearing, depends principally upon the Length of the 


Tube. But yet ſome Advantage may be derived from 


the particular Form or Shape thereof. Some very emi- 


nent Philoſophers have propoſed the Figure which is 
made by the Revolution of a Parabola about its Axis 
as the beſt of any; where the Mouth-Piece is placed 
in the Focus of the Parabola, and conſequently the ſo- 
norous Rays will be reflected parallel to the Axis of the 
Tube. See the Figure of ſuch a Tube in Muſcben- 
breek's, Eſai de Phyſique, 3 ; 415 „ gx.55 

7. But this parallel Reflection ſeems no way eſſential 


. 
- 


to the magnifying of Sound; on the contrary, it ap- 


pears rather to hinder ſuch an Effect, by preventing the 


infinite Number of Reflections and Reciprocations of 


Sounds, in which, according to Sir 1/agc Newton, its 


Degrees 
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Degrees of what we call the Note, Toxx, 


or Tuxnz of Sounds, in regard of which 


Augmentation does principally conſiſt. For all reci- 
procal Motion, in every Return, is augmented by its 
generating Cauſe, which is here the tremulous Motion 
of the Parts of the Tube. Therefore in every Reper- 
cuſſion from the Sides of the Tube, the Agitations and 


Pulſes of the confined Air muſt neceſſarily be increaſed; 


and conſequently this Augmentation of the Impetus of 
the Pulſes muſt be proportional to the Number of ſuch 
Repercuſſions, and therefore to the Length of the Tube, 
and to ſuch a Figure as is moſt. productive of them. 
Whence it appears, that the Parabolic Trumpet is F at 
others the meſt unfit for this Purpoſe, inſtead of being the 
beſt, ee e 2 

8. But there is one Thing more which contributes 
to the Augmentation of thoſe Agitations of Air in the 
Tube, and that is the Proportion which the ſeveral 
Portions of Air bear to each other when divided hy 
tranſverſe Sections, at very ſmall but equal Diſtances, 
from one End of the Tube to the other. Thus let thoſe 


ſeveral Diviſions be made at the Points a, 5, c, d, ez; plate 
XXXIII 


&c. in which let the Right Lines a #, 6 i, e n, dn, &c. 
be taken in Geometrical Proportion. Then will the 
Portions of Air contained between B and a, @ and 5, 
band c, c and 4, &. be very nearly in the ſame Pro- 
portion, as 'being in the ſame Ratio with their Baſes 
when the Points of Diviſion are indefinitely near to- 
pether. „M e GAL Geared] 

Quantity of Motion is communicated to a Series of 
elaſtic Bodies, it will receive the greateſt Augmentation 
when thoſe Bodies are in Ceometrical Proportion. 
Therefore fince the Force of the Voice is impreſs'd 
upon and gradually propagated through a Series of ela({- 
tic Portions of Air in a Geometrical Ratio to each 
2 mall beceive the gteateſt Augmentation poſ- 
ible, | | Ax) 


they 


9. But it has been ſhewn already, mat when any 
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Of WIVDS and Sounds. | 
they are diſtinguiſh'd into /ow and high, of | 


grave and acute, by Muſicians call'd Flat | 


and Sharps. Now the Tone of a Sound 
depends on the Time or Duration of the 
Stroke made on the Drum of the Ear, bya 
Wave or Pulſe of Air; for as that is longer 
or ſhorter, the Tone will be more grave of 
acute: And fince all the Pulſes move equal: 
ly ſwift, the Duration of a Stroke will be 


proportional to the Interval between two 


10. Now ſince by Conſtruction it is BA A= 
= cd, &c. and alſo a 4: UI: :bI: m m: du, and 
ſo on; therefore the Points 4, l, m, n, o, p, 9, r, „ Ay 8 
will in this Caſe form that Curve Line which is call'd 3 
the Logarithmetic Curve : Conſequently, a Trumpet 


formed by the Revolution of this Curve about its Axig 


will augment the Sound in a greater Degree than any i 
other figured Tube whatſoever, EY 4 

It. But to ſhew the Reaſon of the Nature and Nam 
of this Curve, ſuppoſe the following Series of Quantities} 
in Geometrical Progreflion, viz. a: a: a: : : 
&c. then it is plain the Ratio of a to a® is 1, the Ra- 
tio of a“ to a is 2, the Ratio of 43 to ae is 3, and ſo} 
on; whence it appears, that the Indices of the ſeveral 
Terms expreſs the Ratios of thoſe Terms ſeverally 
the firſt; and are therefore their Logarithms. Now it} 
in the above-mentioned Figure we put the Ordinate 
a f , IIA ga, cm=a*=aa, &c. then 
will the intercepted Parts of the Abſeiſſæ be Ba = , 
Bb =2, Bc = 3, &c. and therefore the Logarizhms ot 
Exponents of the Ratios of theſe ſeveral Ordinates | 
the firſt or Unity. Hence the Curve which conneds ] 
thoſe Ordinates is called the Logarithmetical or Logiflicat 
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ſucceſſive Pulſes ; and conſequently, a Sound 
i more or leſs Grave or Acute in Proportion 
o the Length of that Interval. TP 
| Hence it follows, that all the Sounds 
from the Joudeſt to the loweſt, which are : 
excited by the Vibrations of the ſame Bo- . 

cy, are of one Tone, It likewiſe follows, 

that all thoſe Bodies whoſe Parts perform 

| their Vibrations in the ſame or equal 
Times, have the ſame Tone: Alſo, thoſe 
Bodies which vibrate /foweft have the graveſt 

or deepeſt Tone; as thoſe which vibrate 

' quickeſt have the ſharpeſt or ſhrilleſt Tone. 

T uE Times of the Vibrations of Mufi- 

| cal Strings, and conſequently the Tones, 

| vary in reſpe& of the Length, the Magni- 

| tude, and the Tenfion of thoſe Strings. For 

if two Strings AB, CD, are of the ſame pie 

| Magnitude, and ſtretch'd by equal Weights XXXIV. 
E, F, have their Lengths as 2 to 1, the Fig. 1. 
Times of their Vibrations will be in the 

| ſame Ratio. Hence the Number of Vibra- 

tions of the two Strings AB, C D, per- 
form'd in the ſame Time, will be inverſely 

| as their Lengths; or CD will make two 
| Vibrations, while A B performs one. The 
| Vibrations of two ſuch Strings will there- 

| fore co-incide at every ſecond of the leſſer. 
| Acain: If two Strings of the ſame kind Fig. 2. 
| AB, CD, have their Diameters as 2 to 1, 
" and 


252 
' and are of equal Length, and tended by 
equal Weights E, F; the Times of the Vi. 


brations will be as their Di ameters, vz. a8 
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2 to x; and ſo the Vibrations in a given 


Time, and the Co- incidences, as before. 
LAsTIY: If the Diameters and Lengths 


of the Strings be equal, the Times of the 


Plate 


Vibrations will be inverſely as the Square 


Roots of the Weights which ſtretch them, If 
the .Weights E and F be as 1 to 4 (the 
Square Roots of which are 1 and 2) then 


XXXIV, the Times of Vibration in AB and CD 


Fig. 3. 


will be as 2 to 1. Hence in conſtructing 
ftringed Inſtruments, as SPINETS, HaRes- 
choxpe, Sc. a ſkilful Artiſt will com- 
pound theſe Proportions of the Length, 
Diameter, and Tenſon of the Strings to 


very great Advantage. 


IN Wind-Inſtruments, as the FLurr, 


1 Oncan, Sc. where the Sound is made by 
the Vibration of a Column of elaſtic Air con- 
tain'd in the Tube, the Time of Vibra- 
tion or Tone of the Inſtrument will alſo 

vary with the Length and Diameter of the 

aid Column of Air, and Farce of the Voice, 
which compreſſes it; as will be eaſy. to 


obſerve: from Experiments. 
Ir. one Body be made to Gard With 
aber, their Vidraton wilt coincide af- 
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ter a certain Interval ; and the ſhorter the 
by Nl Interval of the Co- incidence, the more 
1. agrecable is the Effect or Conſonance do 77 
as the Ear; conſequently, thoſe which are 
n | moſt frequent produce the moſt perfect 
cConſonance or Concord, as it is commonly 
1s called. When the Times of Vibration; 
be therefore, are equal, the Cod coxp is moſt 
e perfect and more agreeable than any o- 
If ther, and this is called UN Isos. 
e Ir the Times of Vibration are as 1 to 2, 
n the Co- incidence will be at every ſecond 
D Vibration of the quickeſt, and ſo this is 
the next perfect Concord, and is what we 
= commonly call a Diayason,.or OcTAvE.' 
1 Ir the Times of the Vibration be as 2 
„ to 3, the Co- incidence will be at every 
o fthird Vibration of the — which 

therefore is in the next Degree of | Perfec- 
, tion, and this is called a DiAbEN TE, or 
Fr. If the Times of Vibration are. 
as 3 to 4, the Co-incidence will be at every 
3 th of the leſſer; this is called the 
) DIiATESSARON,.\ or FouRTH. But this, 
e and the next which follow in Order, are 
not ſo agreeable and pleaſant to the judi- 

cious Ear, and are therefore called Imper- 

 feft Concords. Nor are there above ſeven 
i 4&5 in all the infinite Variety of Tones, 
- 74 which 
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which can merit a Place in Muſical Com- 


poſitions, and they are exhibited in Fig. IV. 


XXX1V. which repreſents the Strings in an Octave 


of a Harpſichord, with the Semitones, as 
Half Notes, called Flats and Sharps, b 
vhich the natural Notes are made half a 
Note lower or higher, as the Air of the 
Song or Muſic requires. And this is cal- 
led the DrA Toxic Sca LE of Muſic. 


Ix this Scale, the ſeven natural Notes 


are marked on the Keys by the ſeven Let- 
ters C, D, E, F, G, A, B. The firſt of 
which is call'd the Fundamental or Key; 
the reſt in Order are the Second Greater, 
the Third Greater, the Fourth Greater, the 
Fifth, the Sixth Greater, the Seventh Great- 
er, and then the Eighth, which begins the 
next Octave. Between theſe are interpoſed 
the five Semitones, viz. the Second Leſſer, 
the Third Leſſer, the Fourth Leſſer, the Sixth 
Leſſer, the Seventh Leſſer, Theſe ſeveral 


Tones and Semitones have the Lengths 


of the Strings adjuſted from the Diviſion 
of the MonocforD, or Line divided into 
100 or 1000 equal Parts, as is very ealy 
to apprehend from the Figure. 


TE Number of thoſe Diviſions are 4110 | 


thown for each String, by the firſt Series 
of N umbers on the Strings; the next Se- 
ries 


— — — Co 0 2 


a> 2 


ws = 


%\F 


in the Relation of a Third, All MELoDY 
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ries ſhew the Proportion of the. Length of 
each String to that of the Ke, or Mono- 
chord; and conſequently the Number of 
Vibrations of the Fundamental and each 
String reſpectively, Nane in the W 
Time. 

Or theſe twelve Tbs or Nader of 
Muſical Sounds, the Of#aves and Fijths are 
perfect Concords ; the third Greater, third 
Leſſer, the Greater and Leſſer Sixth are 
imperfect Concords; the Greater Fourth, the 
two Seconds, and two Seventbs are Diſcords; 
the Fourth is in its own: Nature a perfect 
Concord, but lying between the Third and 
Fifth, it cannot be uſed as ſuch, but when 
joined with the Sixth, to which it ſtands 


and HARMONY are compos'd of theſe 
twelve Notes; for the Octaves above or 
below are but the Replications of the ſame 
Sounds in a higher or lower Tone. Mz- 
LODY is the agreeable Succeſſion of ſeveral 
Muſical Sounds in any ſingle Piece of Mu- 
fic; as HARMONY. is the Effect of ſeveral 
of thoſe Pieces or Parts of M uhc N d 
together. (vm. 12 


(cm. ) 1. In order to account for the Motion on pf ˖ 
Tone of an elaſtic String, or Muſical Chord A B, it will XXXII. 
be proper to conſider it as tended or ſtretched by a Fig. 7. 


HARNMO- 


. 
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HARMONICAL PROPORTION is that which 


Is between thoſe N umbers which aſſign che | 


Weight, as F, | cata 9.5 its Tabath, and FRO ting 
of its right-lined: Poſition A B, into an oblique Poſition 
ADB, by another Weight, as E. The former may 


2 call d the 7 Ry Force, and the latter the Leit 


Force. 

2. Now Enes he Tending Force F 485 upon the 
String in the Direction D B, it may be repreſented by 
the Line C D, Which Line or Force may be reſolved 
into two others, viz. CB and D; 5 07 which the 
former draws the String horizontally from D to B, and 
che other acts in — the Sering directly upwards 


| from D to C. Therefore the Part of the Force which 


acts in drawing the String perpendicularly upwards is o 
the whole Force as CD. to DB; or; by ſuppoſing DC 

to he jndefmitely ſmall, as CD. to CB; becauſe. in 
that Caſe DB=C nearly. But the F orce which 
acts in drawing the String e is equal to the In- 


flecting Force, becauſe they balance each other. There- 
fare the Inſlecting Force E is to the Tending Force F 


„DB, or + 3 
3. Therefore, putting CD . . 2 CB 3 


ee of ot; we wan bare 2 4 _ 


L 


the T ** — — L of — Stieg rewain 
the ſame, 5s MET F oe E will be 18220 as We 


£3 # 


oer the i Palley at- B. by a Wee F = x Sram it 


theh E be firſt 1 an Ounce, it will draw e he 4 4 thro 


through c D = + of an Inch; and fo on. 

4. The String being. drawn! into the Poſition AD B 
bas an Endeavour to return, which! is called the Re/tt- 
e rr and Wmich re- acts againſt the Inflecting 


Lengths 


J ˙èůu,ß̃²˙ͥ⁴AAA m —̃ m oo H. AL A © 
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Lengths of Muſical Intervals, or the Lengths 
of Strings ſounding Muſical Notes; and of 


Force; it muſt therefore be equal to it, and conſe- 
quently proportional to the Line C D. Wherefore the 
Point D is catried towards C with a Force every where 
proportional to the Diſtance or Space paſſed over. But 
we have ſhewn, that the Spaces paſſed by Bodies in 
Motion are as the Times and Velocities conjointly, 
that is, S: T V; (See Annotation XXII.) alſo that the 


Force of moving Bodies is as the Quantity of Matter 


and Velocity conjointly, viz. M = QV ; therefore 


V=. er TMO. But in the preſent. 


Caſe Q is a given vantity, therefore T M' is a8 8 3 
and becauſe it has alſo been ſhewn that M is as S in 


the preſent Caſe of the String, therefore T, or the Time 


in which the Vibrations are made, whether through 
pou or ſmaller Spaces, is ever the ſame, or a given 

uantity. E | 

5. The Reſtituent Force of the String, as it acts 
through very ſmall Spaces, may be looked upon as uni- 
form; and then the Motion generated in the String 
will be as the ſaid Force and Time of its acting, that is, 
M: ET. Nov in all Caſes it is M: QV; but here 
it is QA: D*L, (ſuppoſing D Diameter and L = 
Length of the String) therefore M: ET: D*LV, 


and conſequently T „ ; but befote, we had E: 
FS- 


T which ſubſtituted in the above Ratio gives T: 

RD But (fince S TV) we have 5 T there- 
L 4 

i 


— 4 * 


thatis, F T=: D* L- therefore FET 


DL; conſequently, T : = That is, the Time of 
' 6 f ＋ . 


1 
5 4 


6 Vibration is as the Diameter and Length of the String 
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Fourth, and fo ons 


ropertienal to, 
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three Numbers it is, when the Firſt is to the 


Third, as the Difference between the Firſt 


__ and as the Square Root of- the Tending Fercs in- 
ver ſeiy. FEET 1 „ 

6. Hence if D and F be given, T 18 ag L; that is, 
if the Diameter of the String and its Tending Force 


continue the ſame, the Time of q Vibration will: ugry 


with the Length of the String, or be. always proportional 
ta it. Thus; of the Monochord vibrates in 3 of the 
Time that it does, which is called an Oel avs; + of the 
Monchord vibrates in 3 of the Time, and is called a 

tb; 3'vibrates in 3 of the Time, and is called 3 


* 


7. II K ang I. be given, T is as D; that is, if the 
Fending Korce, and Length of the String remain the 
ſame, the Tims Fl 8 Vibration will vary with, and b 

e R- . 


iameter of the String. 


* 


8. If D and L be given, then T is inverſely as F*; 
that is, if the Diameter and Length of the String be 
given, then the Time of a Vibration will be as the Square 
Roots of the Tenting Force, © = 4 2 


9. Now as the Tone of a String depends entirely 
upon the Time of a Vibration, it is eaſy to underſtand, 
that whatever the ſounding Body be, or how many 
ſoever there be together, if when they emit a Sound the 
Vibrations in each are of the ſame Duration, they, will 
all be of the, ſamg Note, Tone, or Tune, which is 
RR. EE 7 Cn 
10. In a Drigking-Glaſs, if a Perſon, paſſes his wet 
ted Finger briſkly round the Brim of the Glaſs, preſſing 
it at the ſame/ time, he will by degrees raiſe „ on 


Vibrations in tho Parts of the Glaſs, which will. p 
2 Tone or Sound, which will be conſtant ſo long as 


the Action of the Finger ig continued, and more and 
more intended or heightened: So that if the Action be 
continued long enough, the Agitation will be ſq great 


28 to diſengage the Particles, or break their Continuity, 


and thus. reduce 


the Glaſs to pieces, if not too ſtrong. 
5 nd 


+ 
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the and Second is to the Difference between the | 
2 Second and Tbird, as the Numbers 3, 4, 6. 

Thus if the Lengths of Strings be as theſe 
Numbers, they will found an Octave, 3 to 
6; a Nftb, 2 to 33 and a Fourth, 3 to 4. 
Ac Aix: Harmanical Proportion between 
four Numbers is, when he Firſt is to the 


11. The Sound excited in the Glaſs ſeems one entire 
Effect, whereas ĩt is in reality an Aggregate or Aſſemblage 
of an indefinite Number of Sounds, each effected by 
each ſingle Vibration of the Glaſs; but as the Times 
of the Vibrations are ſo quick and ſhort, their Intervals 
will be imperceptible, and conſequently the Diſtinction 
af the particular Sounds, which will therefore be loſt, and 
the ole will appear but one entire Sound. After the 
_ fame Manner a red-hot Coal whirl'd about makes the 
Appearance of a fiery Circle, becauſe the Coal ſueceeds 
to every particular Point of the Circle ſo quick, that 
a a new reflon is made upon the Retina before the 
Effect of the laſt is obliterated, and ſo the Coal appears 
in every Part of the Circle. ET 
12. The Tremors of the Glafs are made extremely 
ſenſible by putting a little Water into the Glaſs ; for the 
Agitations of the Glaſs will by Degrees give Motion to 
the Water, which Motion will continually be increafed 
till it be-thrown up from the Surface in Form of a Miſt 
all over the Glaſs, and to a conſiderable Height above 
it every way. It is remarkable that the Motion of the 
Water is in Form of x Fortes, circulating round by 
the Sides of the Glaſs, and raging with impetuous 
Waves like the Sea after a prodigious FTempeſt. 

13. Or otherwiſe theſe Vibrations of the Glaſs are 
made ſenſible by adjuſting a Screw very near the Rim. 
of the Glaſs ; then upon ftriking the Glaſs, it will im- 
mediately be heard to ſtrike againſt the End of the 
Screw; which will ſhew not only the Vibration of the 
Glaſs, but alſo that in vibrating,. the Form is alter'd from 
circular to elliptical. 

K 8 2 Fourth 
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Fourth as the Difference between the Firſt an FA 


Second is to the Difference between the Third 
and Fourth, as in the Numbers 5, 6, 8, 10: 
For Strings of ſuch Lengths will ſound an 
Octave, 5 to 10; a Sixth Greater, 6 to 10; 
a Third Greater, 8 to 10; a Third Leſſer, 
5 to 6; a Sixth Leſſer, 5 to 8; a Fourth, 


6 to 8. 
Ir may be here obſerved, that 4 Series of 


Numbers in Harmionical Proportion are reci- 
procally as anci ber Series i in Ari e cal Pro- 


greſſion, 


As Harmonical 10: T1716 " 5 muy 
Arithmetical 6: 5: 4: 2: 3: 1: 


for here 10 12 :: 5: 6 and 1 15 224 
: 5; and ſo of all the gelt. Whence mot 


Seſies bave an - obvious Relation to, and 
' Dependence on, each other; which in ſome 
Problems of f peculative 5 will be : 


very uſeful to know (CIX.) 


(CIX) 1. Let A, B, c., be hare Nomben | in \ Mu- 
* Proportion; then becauſe we have A: C: A 
B: B — C, therefore AB - AC = AC—BC; 


whence if any two of the three be given, the other is 


immediately found by the following Canons, viz. 


Canox I. If A and B be gels then C = - AP 


2A—B | 
2AC 
ik 


Canon UI. If B and C be gen, then A . r 


Caxon II. If A and C be given, then B = 5 


Ir 
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Ir the three Lines AD, BG, CH, be Plate 
taken in Muſical Proprotion, or as the Fig. c. 


2. Thus, for Example, ſuppoſe you would find a a 
Muſical mean Proportional between the Monochord 100 
= A, and the Octave 50 = C; then by Canon II. we. 


2AC 1000 


have 32 XTC — — — 66, 6, which is the Length | 


150 
of that Chord which is uſually called the Fifth, 

3. Again, If there be four Numbers in Muſical Pro- 
portion, as A, B, C, D; then, ſince. it is A: D:: 


A- B: C - D, we have AC - ADS AD — DB. 


From which Equation we have the following Canons. 


+ 
Canon I. RI 
Canon Il. BAP 5. 
2 | —DB 
c. CSESRTED. 
| AC. 
Canon IV. D=—=F 


4. Hence, when any three of thoſe Numbers 
given, the fourth may be found by the above Canons. 
Thus to the three Numbers 10, 8, 6, we find a fourth 
Harmonical Proportion, which is 5, the Octave; for 
thus the Theorem will ſtand AXE RR 
„ "2A—B 20-8 
0 


„ 
12 c | | 
5. But to carry this Harmenical Tbesry farther, and 
7 it more ow CE Ea 5 
t the Terms of an Harmonic 8 
Series be. denoted by 5 A, B, C, D, E, F, wr. 


| And let the Difference between c M,N,O,P.Q, = 8 | 


each two be denoted by 


6. Then will the Product of the two firſt Terms, 


viz. A X B, be to the Product of any other two Terms 


immediately ſucceeding each other as CX D, in the 


83 Numbers 
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Numbers 6, 4, 3; and in the Line AD 


we take AE equal. to BG, AF qual to 


ſame Ratio with their reſpective Differences M and 
O. For by the Definition of Muſical Ratio | Ki 

wave A: C:: M: N 

* B; D:; N: O 

3 hereſote AXB : CD MXN: NXQu M: O. 

| A: C:: M: N 

u 8.8 8.8 

E * O 

There fore Ax BX C: CX DX E- :AXB: D 
XE) : MXNXO: NX OX PN M: P. That 
ia, AB: DE:: M: P; and ſo on univerſally. 

7. Again; the Difference between the two firſt 
Terms M is to the Difference between any. other two, 
as O, in the Ratio of B 2 M to D; or M: P:: B 
3M E; or M: Q:: B- AM: F; and ſo on 
continually. For, by the Nature of the Progreſſion, it 
is A: C:: M: N; and it is alſo Ag B - M, (be- 
cauſe B—A= M) therefore it is B M: C:: M: 
N. or, to put it in Form, we have M: N:: B— 1 Ul 

Again; B— M- M:: C: N, and by Diviſion 
N. M: CN: N: B: N; but (by the 
Definition, Art. 1.) it is B: N:: D': O, therefore 


NM: O:: B— 2M: D. Again; B - 3M: M:: 


D—O:0::C:O::E:P; therefore M : P:: B 
3M: E. And univerſally, let a = = Number of Terme 


in the Series between the firſt and the laſt, and let the laſt 


Term be Z, and let the Difference between it and the 
next preceding Term be S; then will it be M 8 21 
B- M: Z. | 
8. Becauſe 22 6.) it is M: S:: AX B: YNZ, 
ſuppoſing Y, Z, the tuo laſt Terms of the Series; . 
therefore AX B: YXZ:; B- M: 2. 
9. Becauſe the firſt Term of the Series is A = 


pk and the ſecond Term B = =. ar _ 


bu therefore the eth Lemm ieh 3 
CH, 


/ Wrnpb and SouNDy 

CH, then will the Line AD & divided in Har. 
monical Proportion, in the Points A, F, E, D; 
vs AD: AF:: PE: EF. And in this 
manner is the Axis of a convex and concave 
Mirrour divided by the Otjef; the Image; 


In the ſame Manner it is ſhewh, that the third Term is 
AXB AXB | 


— f — 2 M- the fourth Term — —ů— 1 and uni- ; 


verſally, ſince AX B: VX Z:: B—- M: Z, or, di- 
viding the conſequents by Z, AX B: Y.: B—- M: 1; 
Terms between A and Z, it will expreſs. che Nutabet 


or Place which the Term Y holds in the Series. Thete- 


fore any Term Y is equal to the Product of the firſt and 
ſecond Term B of tht Series divided by the Difference le- 
tween that ſecond Term B, dimimſhed by ſo many times its 
Difference from the firſt, as is equal to the Number of the 
Terms from the firſi to the given Term v. 

10. All the Terms in a Muſical Progrefſim are amung 
themſelves as Duantitiecs whyſe Reciprocals conflitiite a &. 
ries in Arithmetical Progreſſun, Thus the Term OP 
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firſt Series A, B, C, D, E, &c. are (by Art. g.) as 2 : 


AXB AXB _AXB. 


axi ANY Dan ( 
B=EMW B-2M B- zM ' BM 


1 


Series divided by A & B gives dhe Sees H. HII: 


FL oh T ö Reci , 
FN. EM IT be Recaro: 


cals of this Muſical Series are B, B M, B- 2 M, 
B — 3 M, to B- M; which Terms are all in Arith- 


netical Progreſſion. If the Harmunie Series had been de- 


creaſing, vis. A— B= M. B=-C=N, Ce. we 
ſhould have had A = M — B, via. the Signs of M and 
B changed, but every thing elſe the ſame. 


S 4 „ 
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the Vertex of the Mirrour, and the Centre, 
as may be eaſily ſhewn by Experiment. 
Also the Limits of the Colours of Light, 
as ſeparated by the Priſm, fall upon the ſe- 
ven Muſical Diviſions of the Monochord; as 
will be farther taken notice of, and exem- 
plified in the next Lecture. 45 
1 8HALL conclude this with taking No- 
tice of one ſingular Property of a Muſical 
Chord, viz. that it will be put into a vi- 
bratory Motion by the Pulſes of the Air 


proceeding from the Vibrations of another 
very near it, and in Concord with it: If 
the vibrating String be Uniſon with it, the 


other will tremble through its whole Length; 
if an Ofave, it will vibrate by the Half. 
Lengths only; if the String which com- 
municates the Motion be a Doyble-OFave 
above, or one Fourth of the Length of the 


. other, the Motion will be ſtill correſpon- 


@ . 


Plate 


dent in that other String, for it will vi- 
brate only by the Fourths of its Length from 
one End to the other. Thus if AB be a 


XXxXIV. String four Feet long, and CD another of 
Fig. 6. one Foot; if the latter be ſtruck with a 


Quill, the Vibrations will be communi- 


| cated to the former in ſuch a Manner that 


it will vibrate only by a Feot-Length at the 


lune time throught the whole Sting ; ; which 5 


wil 
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will be evident by the ſmall Pieces of Paper 
b, d, f, b, hung upon the Middle of every 
Foot-Length, ſuddenly leaping off; while 
the other Pieces a, c, e, g, i, remain un- 
moved upon the String at the End of 
every Foot, where the Vibrations ſeve- 
rally begin and end, and conſequently 


where the Line has no Motion at all 


(CX.) 


(CX.) 1. What is here ſaid relating to Mirrours, 
and the Colours of Light, will be explained and de- 
monftrated in its proper Place. That one String A 
ſhould be put into Vibration by another B, by means of 
the Air, is not ſtrange, becauſe the Air will affect the 
String A with the ſame Impulſes it receives itſelf from 


the String B. If therefore the String A be under the 


ſame Circumſtances with the String Botherwiſe, (i. e. if 
it be of equal Magnitude, and equally tended) it muſt 


neceſſarily move in a ſimilar Manner, or vibrate in an 


equa] Time. | 


2. If the String A be twice the Length of B, then. 


(ceteris paribus) the Air by its Impulſe received from B 
cannot ſo affect A as to cauſe it to vibrate through its 
whole Length; but it will fo affect each Half of A as 
to produce a ſimilar Effect, or equal Vibrations. Hence 
the String A will become divided in the middle Point, 
which will be at-Reſt,  _ = 
3. And if the String A were three times as long as 
B, it would be for the ſame Reaſon divided into three 
Parts, whoſe Vibrations are ſynchronous to thoſe of B, 
with two Points of Reſt between; and ſo on for any 
other Length: Alſo, if the Lengths of A and B are as 
3 to 2, then if they are Concords, and one be ſtruck, 
the other will be put into Motion by Degrees, and in 
fuch a Manner that will alter the Vibrations of the firſt 
String B, and each will vibrate by their aliquot Parts, 
and therefore in equal Times, | 
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LL LECTURE vil. 


E the Nature and Properties of Li GHT; 
the VELOCITY thereof how diſcovered hd 
computed. Of the Nature of HEAT, Frax, 
FLaME and BURNING, Of the Ines 

* Arbil, Nocriłuc , natural and artifi. 
cial ProspnoxI. The TnRORY of Htart 

and Cory. Of AsBesTos. Of the Na. 

ture and Effect of BurninG-GLassEs, 

- whether Mirrours or Lenſes. A Calcule- 

tion of the LicuT and HEAT of the 
Moon. Of the Cauſe of TRANSPAREN- 

cx and Oracir in Bodies. Of theRr- 
 FLECTION of Light; of its INFLECTION of 

_ theReeracrtion of Light. The Funda- 

mental Laws thereof demonſirated. The 
different REFRACTIVE POWER of various 
Subſtances. The Ratio of the Sines of Ixci- 
DENCE and REFRACTION fated. Of tht 
Txve and ArARENT PrAcESs of 'Ob- 
ec. Of the AnaLvss of the Solar 

Rays; the ſeveral Krups thereof, | their 

. different REFRANGIBILITY flated 31 Ex- 
PERIMENTS relating thereto by the PRISM. 


| of rs Various CoLOURs of Light by the 


Priſm 


* 
0 


3 17 ˙; ˙ — Cn” 


l 
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Priſm; tbe Haxmonic RATIO of "their 
Linear Extent in the Sun's Image. The 


 _CoLouks of Natural Bodies thence ex- 


plain d. Of the different REFLEXIBILITY 


5 of the Solar Rays, and Experiments re- 


lating thereto. The Manner and Cauſe 
thereof enquired into. Of Rines of co- 
 LouR'D LIGHT between GLASS PLANES, + 
and BUBBLES of WATER. The different 
ORDERS and DEGREES of the ſeveral Co- 
lours explain d. The Fits of RasY RE- 
FLECTION and TRANSMISSION explain'd. 
We Artificial CoMPosiT10N of COLOURS. 
_ Of the RainBow ; its Cauſe explain d; 
| Calculations relating thereto. The Pbæno- 
mena of HaLo's conſidered and accounted 
is 


THAT Light is woes WNT of 
1 ſome Bodies, but is itſelf a real Bo- 
dy, or diſtinct, Species of Matter, and en- 


dued with all the natural Properties there- 
of, will, I preſume, be ſufficiently manifeſt 


from the following -Experiments relating 


| thereto, We ſhall therefore, at preſent, 


take it for granted, that Light conſiſts of in- 
concei vably ſal Particles of Matter of 41 


ferent Magnitudes, which are emitted or re- 
2 on every Point in the Surface of a 


: luminous 


* " — IE PR NIE Ae KR „„er f 8 N - : * 
—— — —— 9 er , * . 
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luminous Boch i in Right Lines, and in all Di. 


rections, with an unparalleld Velocity, and 


whoſe Power or Intenſity decreaſes as the FO 
of the Diſtances increaſe. 

THrarT the Particles of Light are re- 
fracted through the Humours of the Eye 


to the Retina, or fine Expanſion of the 


Optic Nerve over all the interior hinder 
Part of the Eye; and there, by painting 
the Images of external Objects, become 
the immediate Means of Sight, will be 
fully ſhewn in the next Lecture. 

We ſhall now conſider Light under the 
various Characters and Qualities of a na- 


tural Body, and point out thoſe remark- 


able Affections and Properties ſo peculiar 
to itſelf, and the Cauſes of ſo many very 
curious and extraordinary FRENOMEns 1 in 
Nature. 


Tnar the Particles of Light are incon- 
cervably ſmall, is evident from hence, that 


the greateſt Quantity of Light, in the ſtate 
of greateſt Denſity, or Flame, is found to 
have ſcarce any ſenſible Gravity or Weight, 


which, we have ſhewn, is always propor- 
tional to the Quantity of Matter in all 
Bodies: Alſo, becauſe thoſe Particles per- 


vade the Pores of all tranſparent Bodies, 
however hard or heavy, as Glaſs and Ada- 
1 mant. 
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mant. But we know it: more eſpecially. 
from hence, that the Stroke we receive by 


a Particle of Light has no ſenſible-Foree | 


or Momentum, which, on account of its 


prodigious Velocity, would be very great, 
and inſufferable, were it of any allguatle 


or conſiderable Magnitude. 

YET, ſmall as they are, we find the Rays 
conſiſt of different Sorts. of Particles. in 
Light emitted from all Bodies ; and that 
this Difference of the Rays of Light ariſes 
from the different Magnitude of the Par- 
ticles, ſeems moſt evident from the different 
Directions the ſeveral Sorts. of Rays move 
in, after they have paſs d through a Body 


of Glaſs, Water, Gc. of ſome ſpecial Fi- 


gure, as that of a Priſm eſpecially. - | 
THAT the Particles of Light are emitted 


from every Point in the Sur ws of a Body, 


is evident from hence, that any given Point 


in that Surface is viſible to the Eye in any 


situation, from whence a Right Line can 


be drawn from the Eye to that Point; 


which could not be, if the Light were not 
propagated from that Point in all Direc- 
tions. 


TraT they proceed from the Body 1 in 
Right Lines, is clearly ſeen by Experiments 
on the Sun-Beams, Candle-Light, &c. in 


a darken'd 


20 


renders them entirely imperceptible by 
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a darken'd Room; alſo from the Shadows 


which Bodies of every Figure caſt, being 
fuch as would be determined by Right 
Lines drawn from the luminous Point 
touching the Extremities of thoſe Bodies 


(OXEz- : 


(Cl.) 1. Before, Sir Iſaac Newton's Time, ſcarce 
any thing of the Nature or Properties of Light wa 


known: It had been eſteem'd a mere Quality or Mo- 


dificatian of Matter, and was propagated by Preflion, 
and I know not what of ſuch Kind of Stuff and ſenſeleſz 
Jargon; than which nothing can be more tireſome: w 
read, or irkſome to repeat. Leaving therefore the idle 
Reveries of the Cartzfians, we ſhall contemplate this 

lorious Pbænomenon in the Newtonian Manner, which 
ifiſes Luſtre over the whole Face of Nature, and adds 
new Splendor even to Light itſelf. 


21. That Light is a material Subſtance, and what we 


properly cal} Body, is riot to be doubted ; becaufe we 
find it is ſomething that has Motion, or is propagated in 
Time; ſomething tbat acts upon Bodies, and produce: 

reat Alteration and Changes in their Natures and 

orms: It is ſometking that Bodies act upon, by re- 
flecting, infecting, and refracting it on their Surfaces, 
and in their Pores: And it would appear to have 
Weight, and all other fenfible Qualities of common 
Matter, were it not that the Smallnefs of its Quantity 


us. ä 
3. Nor are we to conſider Light only as a Body, but 


as the moſt active Principle or moſt general Agent in 


Nature. I greatly queſtion if it be not the true Primum 
Mobile in Nature, or the Spring of Motion and Action 
in all other Bodies. Were the Particles of Light to be 


annihilated, we ſhoulda ſee no Marks or Footſteps of 


Fire or Heat remaining, and therefore no Power of Mo- 
tion in Bodies, but all Things would put on the Appeat. 


r N 


Of Lionr and Cor ouss. 


Taz Velocity of the Rays of Light ſur- 


paſſes that of all other Bodies we know. of. 


ance of lifeleſs inert Matter, rigid and inflexible, as it 
would be abſolutely cold and dark. 

4. Tbe Divine Wiſdom and Providence nating 
haps in nothing fo remarkably as in the extreme Subtilty 
of the Particles of Light; without this Qualification it 
could not have pervaded the Pores of Bodies, and ſo we 
could have bad none of thoſe which we call diaphancus 
or tranſparent Subſtances, and every thing but the Sur- 
face of a Body would have been concealed from the 
Sight of Mankind. Again; the Velocity of a Body is 
always as the Quantity of Matter inverſely; and there» 
fore the ſmaller the Body, the greater Velocity it is 
ſuſceptible of from the ſame Force; whence it comes ta 
paſs, that Light is thus qualified to be tranſmitted thru 
immenſe Diſtance in a ſmall and inſenſible Part of Time; 
which Thing was quite. neceſſary according to the pro- 
ſent Frame > and Stato © Non, ET 

5. But laſtly, it was abſolutely neceſſary that the Par- 
_ of Light ſhould. be {6 exce ſmall, that when 
compounded with ite Velocity it 


which therefore could not have been born by the tender 
and delicate Fexture of the ſeveral Parts of Veget 

and Animal Bodies. To give an Example: The Ve- 
lacity of a. Partiele of Lighe-i is found to be, at the Rate 
of 897600000 Feet per Second; ſuppoſe its Matter to 
de but one Millionth Part of a Grain, —_ Force to 


5 20 — 
firike an Object would be as — — =. 897,6 Fi eet 


zer Second for one Grain; or 8 would Aike with the 
fame Force that one grain Weight would do falli 
from half that Height, v:z. through 448,8 Feet; whic 
we ſhould find to be very great, were the Experiment to 
be made on the ſenſible Coats of the Eye. 

6. Since the Weight of Bodies is proportional to the 


Quantity of Matter, it follows, that where the latter is 


Uminiſhed indefinitely, the n will be ſo too; there- 


ar | | By | 


2 2 


d produce u 
ſenſible Force, as it muſt — have done, and 


272 


Of Lionr and Cotouas. 


By obſerving the Times of the Eclipſes of 
Fupiter's Satellites when the Earth is near- 


fore the Weight of Light muſt be inſenſible in ever ſo 
great a Quantity of it. Dr. Boerbaaue cauſed a Globe 
of Iron 12 Inches in Diameter to be heated red-hot, and 
ſuſpended at the End of a very exact Balance, and coun- 
terpoiſed by Weights at the other End very nicely, and 
thus let it bang till all the Particles of Heat or Light 
were eſcaped, when he found the Equilibre of the Ba- 
lance no ways alter d; which plainly proves the above 
The: 22252550: 5 a 59 | 1 
7. That the Particles of Light have not only Mag- 
nitude, but that in different Degrees alſo, is another and 
perhaps the moſt ſubtle Diſcovery of the Newtonian Phi- 
loſophy. The comparative Terms of Greater and Leſſer 
are now as applicable to the Particles of Light, as to 
any other Bodies. This is abſolutely proved by-the dif- 
ferent Refrangibility they are found to have in p 
through a Priimatic Figure of Glaſs or Water; for the 
Power of the Priſm detains the iſſuing Particle, and 
draws it a. little towards the Surface; and ſince this 
Power is the ſame, it would have the fame Effect on all 
the Particles of Light, if they were all of an equal Mag- 
nitude, becauſe they have all an equal Velocity. But 
ſince this Effect is different among the Particles, ſome 
being detained and drawn aſide to a greater Diſtance 
than others, it follows, they muſt be leſs in Magnitude, 
to become more ſubject to the Influence of the attract- 
ing Surface; in like manner as the electric EMuvia will 


act upon and agitate very ſmall. and light Bodies, much 


ſooner and more eaſily than they can move thoſe which 
are larger. But of this more when we come to ſpeak of - 


the Manner in which this Power acts refracting the Rays 
of Light. Wy 4 


* 


8. If Light were not reflected from every Point in 
the Surface of a Body in all Directions every Way, 


chere might be aſſign'd a Point of Space where a Ray of 


Light from ſuch a Point in the Surface does not come; 


and there the ſaid Point of the Surface could not be vi- 


- Mp 
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eſt, and again when it! is fartheſt, diftant 


from that Planet, we ſhall find, that im 
the former Caſe thoſe Eclipſes happen 7oo - 


- ſoen,' and in the latter ius date, by the Space 
of 8 Minutes and 13 Seconds; which Ne 
that in that Time the "he. xa wr "Over. 


:inidianicter ok the E "Otbit; 
is about 82,000,000 Miles; whic] 


at the rate of 1 70,009 Miles in 4 


f Time, and ch 48, therefore: 
2 2 ech greater, rn the: Velocity | 


4) 4 £ 0 2 1 . wrt ? | "EF = KH 


Ts: x9 rt x, it, CHA 
Te, Ju bernie tbo Epics find "ho Point. of 7s 1 att 
al the viſible Hemiſphere reſpecting that Pointe, but | 
where it is viable} therefote à Ra of Light is reflected 
fromithat Point to every Part of. » from . 
Might Line to that Point can be drawn. 1 
9. That the Rays of Light proceed e me Mi 
ireQtipns,\ is evident from hence, that whatever the » 
Figure of 1 — Body de, if it be held perpendicular to = 
the Rays ef Light, it will Eee of the 
e 0 aint a n hus a Cirole 
| aw, a ir Mar 
ch pla L Wa | ant the A) 
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AGAIN: Since Light is propagated in 


Right Lines, its Power or Intenſity will 


tion of Light was inſtantaneous, or that it was propa- 
gated through immenſe Spaces in an Inſtant. But Mr. 


Reaumur and other Philoſophers about this time, mak-- 


ing frequent obſervations on the Ecliples of Jupiters 


Moons, found that the Time of thoſe Eclipſes did not 
correſpond to the Calculations founded upon the Aſtro- 
nomical Tables; where the Times are all calculated 
for the Diſtance of the Centre of the Sun, and conſe- 
quently, where the Eye of the Spectator muſt be ſup- 
poſed to be in viewing the ſaid Eclipſes, Occultations, 
&c. of Jupiter's Moons. 


2. To illuſtrate this Matter; let S be the Cantie of 


the Sun, A B the Orbit of Mercury, CD the Orbit of 


Venus, E F that of the Earth, and G H a Part of the 


Orbit of Jupiter. Let I be the Body of Jupiter, and 


EK L its Shadow, OM N the Orbit of one of Jupiters 


Moons M juſt entering the Shadow of Jupiter. Now 


a Spectator at S would obſerve the Moon M to enter the: 


Shadow juſt at the Time which is calculated from the 
Tables; but a Spectator at the Earth at T always ob- 
ſerves it to happen ſooner, and when the Eartb is in 
the oppoſite Part of its Orbit R, he will always obſerve 


it to happen later, by the Space of about 7 Minutes in 


both Caſes. This Obſervation gave the firſt Proof that 


Light was progreſſive, and took up about 14 Minutes 


to paſs over the Diameter of the Earth's Orbit from T 


to R, or 7 Minutes to paſs from the Sun 8 to the 


11 . 934 

3. But this, though a ſufficient Diſcovery or Proof 
of the progreſſive Motion of Light, was yet but an Ex- 
periment in the Groſs, and not accurate enough to de- 
termine or define the true Rate of Velocity which did 
really belong to Light. The Method by which it has 
been more nicely determined, was hit upon in the fol- 
lowing Manner: Though Sir [aac Newton had demon- 
ſtrated the Motion of the Earth from the Laws of Gra- 
vity, yet as his Book was underſtood by few, thoſe 


decreaſe 
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decreaſe as the Squares of the Diſtances 


| increaſe; and therefore the Light and Heat 


who could not comprehend his Method were willing 
to be ſatisfied of the Truth thereof otherwiſe, and 
rightly judged, that if the Earth did move about the 
Sun, it muſt neceſlarily cauſe an apparent Motion in 
any fixed Object at a Diſtance from it. 


92 


4. Thus if AB CD repreſent the Orbit of the Earth, plate 
and A and C the Place of the Earth at two oppoſite XXXV. 
Times of the Year; then a fixed Object at E will be Fig. 2. 


ſeen from the Earth at A in the Line A E, which will 
point out its apparent Place at G in the Concave Ex- 
panſe of the Sky HI. But at the oppoſite Time of the 
Year, it will be ſeen from the Earth at C in the Line 
CE, which will project its Place in the Heavens at F. 
So that while the Earth has paſs'd from A by D to C, 
the Object (though in Ay fixed) has appeared to 
move through the Space GF; and the Angle which 
meaſures this apparent Motion of the Object, viz. the 
Angle A E C is called the Parallactic Angle, or Parallax 
of the Annual Orbit, becauſe it meaſures the viſjble Ap- 
pearance of the Diameter A C of the Earth's Orbit at 
the Object E. | | 
5. This being the Caſe, it was applied to the fixed 
Stars, Which they concluded would CO have an 
apparent Motion, or Parallax, provided an Inſtrument 
could be made ſufficiently exact to abſerve it, and this 
would be a ſatisfactory Demonſtration of the Earth's 
Motion. Accordingly ſeveral Perſons addreſs'd them- 
- ſelves to diſcover a Parallax of the fixed Stars; and in 
the Year 1725, the late Hon. Samuel Molyneux, Eſq; 


with an Inſtrument made by the accurate Mr. Graham, 


began to obſerve the bright Star in the Head of Draco as 
it paſs'd near the Zenith. Profeſſor Bradley alſo ob- 
ſerved it along with him ; and from many Obſervations 
made with great Care, it appeared that the Star was 
more Northerly 39 Seconds of a Degree in September 
than in March, juſt the contrary Way to what it ought 


to appear by the annual Parallax of the Stars. That is, 


T4 of 


5 
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of the Sun at the Diſtances of the ſtx Pla- 


nets, Mercury, Venus, Earth, Mars, Jupi- 


the Obſervers, who in September ſaw the Star at F, did 
in the March following obſerye it at K, in the Right 


Line A K parallel to C F, and not at O where it ought 


to have appeared by the parallatic Motion. 


6. This unexpected Phænomenon perplexed the Ob- 
ſervers very much, and Mr. Molyneux died before the 


- «- true Cauſe of it was diſcovered. After this, Dr. Brad. 
ley, with another Inſtrument more exact and accurately 


annual Motion of the Earth. 


adapted for this Purpoſe, obſerved the ſame Appear- 
ances, not only in that, but many other Stars; and be- 
ing by many Trials fully aſſured that the Phænomenon 
was not owing to any Error in the Inſtrument or Obſer- 


vation, applied himſelf to conſider what might be the 


Cauſe thereof, and after ſeveral Reflections and Hypo- 
theſes, which he ſtill found inſufficient to account for it, 
he at laſt found, that it was really owing to the pro- 
greſſive Motion of Light, and the ſenſible Proportion 
which the Velocity thereof bore to the Velocity of the 


1 ; 


= 


7. This he was fully affured was the true Reaſon, 
not only becauſe nothing elſe could be thought of that 


would account for it, but becauſe ſuch an Appearance 


Plate 
XV. 


23. 


muſt negeffarily, reſult from the above-mentioned Hypo- 
theſis, as may be thus ſhewn. Let AB repreſent a 


Part of the Earth's annual Orbit, and let C be a Star 
obſerved by a Spectator at the Earth at A; when the 
Earth arrives, at B the Star will not be obſerved at C, 
as before, but at Din the Line BD parallel to AC; 
for let A B be divided into the equal Parts Ag, ab, bc, 


c d and d B, then 4095 thoſe Points draw the Lines 


e, bf, cg, dh, paralle 


to ACand DB. Now let 
the Velocity of the Earth be to that of Light as AB to 
CB. When the Earth ſets out from the Point A, ſup- 
Poſe the Ray of Light commences its Motion from the 
Star at C in the Direction CB perpendicular to AB; 
then 'tis plain when the Earth is artived at a, the Particle 
of Light will be got to i, the Point where ae cuts B C, 


ter 
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ter and Saturn, will be nearly as 700, 200, 
100, 43, 3, 1, ſuppoſing their Diſtances 
as the Numbers 4 7, 10, 1 55 Jan 


and the Star will be ſeen in the Direction a ty and ap- 
pear at e. In like manner, when the Earth is at h, the 
Particle of Light will be come to &, and will appear at 
ho and ſo on; when the Earth is at c, d, B, the Par- 


ticle will be at I, m, and B, and the Star will appear 
at g, h, and D. 


8. If therefore the Line CA repreſents the Axis of 


a Teleſcope, making the Angle B A C with the Di- 
rection of the Earth's Motion AB; when he comes 
to B he will ſee the Star at D, which he could not do 
if the Teleſcope was directed in the perpendicular Line 
BC; but the Difference of the Poſitions of the Lines 
DB and BC, or the Angle DB C, is ſo very ſmall, 
as to amount to no more than 20” 1 5”, which gives 
the Proportion of the Sides BC to CD or AB, as 
10210 to 1.3 which ſhews that the Velocity of Light ts 
ten Thouſand two Hundred and ten Times greater than 
the Velocity of the Earth in her Orbit. 


9. But the Velocity of the Earth is known, which 


is about 500,000,000 Miles in 365 Days, or about 
56,000 Miles per Hour, whence the Velocity of Light 
will be found to be ſuch as carries it through the Space 
of 170,000 Miles, or 897,600,000 Feet in one Se- 


cond ; and therefore it will paſs from the Sun to us in . : 


and. 1 3”. 


10. If a Cannon will throw a Ball I Mile ae 
dicular Height, or 5280 Feet, the Velocity with which 


it goes from the Mouth of the Cannon is the uniform 


Velocity of 10,5bo Feet per 18!” (which is the Time 
of the perpendicular Aſcent or Deſcent,) and therefore 
the Velocity of the Cannon-Ball is 578 Feet per Se- 
cond. Whence the Velocity of Light is to that of the 


Cannon-Ball, as' Tp7;00050UG to 578, or as 1,5 so 
to 1 nearly. 


11. The Doctor found that the Parallax ok the fixed 


2 inſtead of amounting to many — as many 
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From the ſtupendous Velocity of lumi- 


nous Particles ariſe their prodigious Effects 


in regard of Heat, Flame, Burning, Melt. 
ing, &c. Thus when they are conſide- 
rably denſe, they act very forcibly on the 


Parts of an animal Body, and raiſe the 
Senſation of Heat, by the great inteſtine 

Motion which they produce in every Part, 
Hence all other Bodies are hotter or colder, 


as they contain a greater and leſſer Quan- 


| tity of ignitious Particles, and ſo have a 
greater or leſſer Degree of inteſtine Mo- 


tion of the Parts. 


have deduced from their Obſervations, does not make 
one Second; and from thence it follows that the above- 


mentioned Star in Draco, is above 400,000 Times far- 


ther from us than the Sun; and conſequently, that the 
Light takes up above 493” X 400,000 = 197, 200, ooo 


Seconds, (which is more than fix Years,) in coming 
from that Star to us. In the mean Time we may re- 


fe how different are the Places of the Sun, Moon, 
and Planets in the Heavens from thoſe in which th 


appear. Thus, ſetting aſide the Refraction of the At: 
moſphere, when the Centre of the Sun is really aſcend- 
ing in the Horizon, it will be 87 13“ after, that we 


obſerve it there; in which Time the Sun will be far 


advanced in the Heavens. 


12. The Motion of the Earth is by this Method ab- 


ſolutely demonſtrated, and therefore put beyond all 
Doubt and Objection; they who deny it now mult confeſs 


themſelves wholly ignorant of one of the fineſt and moſt 


important Diſcoveries that was ever made in A/tronomy, 


and which was finiſhed in the year 1728 ; concerning 


which, fee Dr. Braaliy's own Account in Phil. Tran. 
No 406, which we ſhall farther ex plain in a future Part 
of this Work. . 
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Ir theſe lucific Particles are ſufficiently 
imbibed or generated in any opake Body, 


they cauſe it to ſhine, or glow, or be- 


come. red-hot; and by their prodigious 
Activity will in Time diſunite, diſſolve, 
and deſtroy its natural Texture, and thus 
change its Form, and reduce it to another 
Species of Matter; even the Aſbeſtos not 


excepted, (CXIII.) IN 


* 


(CXIIT.) 1. That Heat, Fire, Flame, &c. are only 
the different Effects and Modifications of the Particles 


of Light, is, I think, very evident; and the Particles 
of Light themſelves depend entirely on Velocity for their 
lucific Quality; ſince by many Experiments we know | 
that the Particles of Bodies become lucid, or Particles 
of Light, by only producing in them a requiſite Degree 
of Velocity; thus the Particles in a Rod of Iron, be- 
ing hammered very nimbly, ſhine and become red-hot , 


thus alſo the violent Stroke of the Flint againſt the 


Steel, in ſtriking Fire, puts the Particles of the Steel 
which it takes off into ſuch a Motion as cauſes them 

to melt, and become' red-hot, which makes the Sparks ' 
of fire produced by each Stroke. The ſame Thing 

you may obſerve in many other Caſes, 


2. As Fire conſiſts in the great Velocity of the Par- | 


ticles, fo it may be communicated from one Body in 


which it is to another in which it is not, after the ſame 


Manner that one Body in Motion will communicate 
Motion to another Body that has none. Fire differs 
from Heat only in this, that Heat is a Motion in the 


Particles of a Body with a leſſer Degree of Velocity 


and Fire a Motion with a greater Degree of Velocity, 


viz. ſuch as is ſufficient to make the Particles ſhine, 
though we often call ſuch a Degree of Heat as will. 
burn, Fire, though it does not actually ſhine z, and we 
ſeldom call thoſe lucid Bodies Fires which only ſhine. 


T 4 Ir 
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Ir the ignific Particles of Light are ſuf- 


| ficiently condenſed, as the Rays of the Sun 


and do not burn. Theſe are a Sort of Phoſphori, which 
though they have no Heat, yet ſeem to owe their Lu- 
cidity to the Motion of the Parts. 5 


* 1 


3. This I think will appear for the following Rea- 


ſons; (1.) We obſerve ſeveral of thoſe Pheſphori are 
owing to Putrefaction, as .rotten Wood, very ſtale 
Meat, eſpecially Veal, {ſome Sort of Fiſh long kept, 
as Oyſters, Lobſters, Flounders, Mbitings, &c. which 
Putrefaction is the Effect of a flow and gentle Fermen- 
tation, and that confiſts in the Inteſtine Motion of the 
Parts as we have formerly ſhewn. (2.) Moſt of thoſe 
Phoſphori have their Light ſo very weak as to ſhine only 


in the Dark, which ſeems to indicate a leſſer Degree of 
Velocity in the Parts than what is neceſſary to produce. 


Heat; for ſuch a Degree of Velocity will cauſe Bodies 


to ſhine in open Day-Light. (3.) Some of thoſe Nec- 
tiluce, orBodies which ſhine in the Dark, are the Parts 
of animated Bodies, as in the Gli - Warm, a ſmall Sort 


of Centipede, &c. but all the Parts of an Animal are 


utidoubtedly in Motion. (4.) Other Phoſphori put on 


the Appearance of Flame, as the [gnus Fatuus, the 
Writing of common Phoſphorus made from Urine, 
Flaſhes of Lightning, &c. but all Flame is nothing 
but a kindled Vapour, whoſe Parts are all in Motion, 
but may be too weak to cauſe Burning. (5.) Several 
of thoſe innocent lambent Flames may have their Mat- 
ter ſo agitated, or the Velocity of their Motion ſo in- 


creaſed, as to produce Heat and burn; thus the Writing 
of Phoſphorus on blue Paper, ſufficiently rubbed, will 


immediately kindle into an ardent Flame, and burn the 


Paper. (b.) Thoſe Phoſphiri ſeem to have the eſfential>. 
Nature of Fire, becauſe they are ſo eaſily ſuſceptible of 


a burning Quality from Fire; thus common Phoſphorus 
is immediately kindled into a moſt ardent and inextin- 


guiſhable Flame by common Fire. (7.) In ſtroking the 


Back of a black Horſe, or Cat, in the Dark, we pro- 
duce innumerous Scintillæ, or lucid Sparks; in the fame 


by 
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by a Lens or Burning-Glaſs, they become 
ardent, and burn with an Intenſity propor- 


Manner as rubbing a black Piece of Cloth, which has 
hung in the Sun to dry, will cauſe it to throw out the 
Particles of Light which it had imbibed from the Sun; 
whereas a white Piece of Cloth, which reflets moſt of 
the Sun's Rays, emits no ſuch lucid Sparks in the Dark. 
Many other Reaſons might be urged to ſhew that Light 
of every Kind is owing to one and the ſame Cauſe in 
a greater or leſſer Degree, viz. 10 the Velocity of the 
Parts of the Iucid Body. | „ 
4. It has been juſtly obſerved by ſome of our mo- 
dern Philoſophers, that aual or abſelute Heat is to ſen- 
fible or relative Heat the ſame as Motion is to Velocity; 
for abſolute Heat is nothing but the whole Motion of all 


the Parts of the ignited Body, and /en/ible or relative 


Heat reſpects only the comparative Velocity of the Parts. 
Thus equal Bulks of Mercury and Water ſet in a Sand- 
Heat, where the Heat of the Fire may be uniformly 
communicated to both, will acquire in equal times equal 


Degrees of abſolute Heat, but the relative Heat of the 


Water,. or that which is ſenſible to the Finger, will be 
near 14 times as great as that of the Mercury; becauſe 
the Water having 14 times a leſs Quantity of Matter, 
will admit of Velocity ſo much in Proportion greater. 

ain, if Mercury and Water have the ſame re- 
lative or ſenſible Heat, that is, if both are heated in 


ſuch a Manner as to cauſe an equal Aſcent in the 


Thermometer; then a Quantity of Mercury will heat 
14 Times as much Water as the ſame Quantity of 
Water will do; or it will make the ſame Quantity of 
cold Water 14 times hotter than the ſame Quantity of 
| hot Water can. All which is eaſy to be ſhewn by Ex- 
periment, and abundantly proves the Truth of the fore- 
going Theory, viz. That Heat and Fire are whdlly ow- 
5 to the Velocity of the Parts of the heated or ardent 
Jody, 

6. The various Phænomena of Heat and Cold, Fire, 
Burning, &c. are rationally accounted for on this The- 


tional 
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tional to the Denſity of the Rays in the 
Focus, or Burning-Point of the Glaſs; which 


ory. For firſt, we are to conſider that Cold and Heat 
are only comparative Terms, or that the ſame Thing 


may be either hot or cold according to the relative Idea, 


or Standard Degree; thus Ice or Snow is ſaid to be 
cold with reſpect to the Finger, but Ice or Snow is 


warm if compared with a freezing Mixture. So that 


if (as we commonly do) we make the Hand or any 
Part of the Body the Standard of Heat or Cold, or the 
Term of Compariſon; then 'tis evident, (1.) If the 
Parts of any Body applied to the Hand have the ſame 
Velocity as the Parts of the Hand, ſuch a Body we 
naturally pronounce is neither hot nor cold. (2.) If 
the Particles of the Body have a greater Velocity than 


thoſe of the Hand, we pronounce it warm, if the Ex- 


ceſs be ſmall; but ht, if it be great. (3.) If the Ve- 
locity of the Parts of the Body applied be leſs than that 


in the Hand, the Senſation then is what we call Cold, 
which alſo may be in various Degrees. (4.) Hence it 
is plain there can be no ſuch Thing as abſelute Cold, 
but where the Particles of Matter are abſolutely qui- 
eſcent or at reſt. (5.) Hence alſo there can be no ſuch 


Thing as abſolute Heat, becauſe no Degree of Velo- 


city can be aſſign'd, but a greater is aſſignable, till we 


come to Infinity, where we are quite loſt, as having no 


Idea of Infinite Velocity or Heat. 


7. From this Theory of Heat and Cold, we may 
conclude that there is no Body in Nature whoſe Parts 


are not in Motion in ſome Degree, ſince we have yet 


been able to diſcover no ultimate Degree or Limit of 
Cold; and if any ſuch T hing were to be found in Na- 


ture, I believe it would be as impoihble to bear or en- 


dure the 'i'eſt as any extreme degree of Heat; both Heat 
and Cold naturally tending to deſtroy the animated Part, 
or Teft, in the extreme Degrees; Cold, by deſtroying 


the vital Motion, and fixing the Part rigid and inflex- 


ible ; but Heat, by putting the Parts in too great an 
Agitation, cauſing a greater Velocity in the Fluids and 


Denſity 


/ Liehr and Corouss. 


Denſity of Rays in the Focus is always as 


the Area of the Burning-Glaſs direfly, and 


Diſſipation, and a Force of Tenſion in the Solids be- 


nd what the natural State of the Body can bear; 


and therefore it will inevitably deſtroy it. 

8. Whatever be the acting Principle m Freezing or 
Congelation, tis certain, the Modus Agendi, or Manner 
of Operation, muſt be to diminiſh the Velocity of the 
Parts of the congealable Subſtance to a proper Degree, 
by which means the Fluidity will be loſt, and the Parts 
become rigid and fixed. Thus if the Inteſtine Motion 
of the aqueous Particles be abated by the Admixture 
of any extraneous Body, the Parts will be no longer 
fluid, but remain to Appearance fixed in a Congelation, 
and become a Body of Ice. Whatever this Principle 


of freezing be, it is certainly of a ſaline Nature, be- 
cauſe it is well known Salt will greatly increaſe the . 


Coldneſs of Water, Ice, or Snow; and freezing Miæ- 
tures are always made therewith, by equal Quantities 
of each. eras 

9. On the other Hand, fixed Bodies are rendered 
fluid by Heat, only by increaſing the Velocity of the 
Parts; thus Ice becomes Water, thus Metals are pat 
into Fuſion, and a greater Degree of Heat gives a ſtill 
greater Degree of Velocity to the Parts, and throws 
them off in the Form of a Steam or Vapour. This 
Steam or Vapour, if it conſiſts of ſuch Particles as will 
admit of a proper Increaſe of Velocity, will conceive 
it very _— and kindle into a Flame, at the Ap- 
proach of a Body whoſe Parts are thus in Motion; 
that is, of Fire or Flame. 

10. There ſeems to be no other Difference between 


Fire and Flame than this, that Fire conſiſts in a glow- 


ing Degree of Velocity in the Parts of a Body while 
yet jubſiſting together in the Maſs; but Flame is the 
ſame Degree of Velocity in the Particles diſſipated and 
flying off in Vapour; or to uſe Sir Jane Newton's Ex- 
preſſion, Flame is nothing elſe but a red- hot Vapour, 


the 
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the Square of the Focal Diftance - inverſely, 


Thus ſuppoſe the Surface or Area df 


one Glaſs contained 12 ſquare Inches, and 
its focal Diſtance were 8 Inches; and the 


Area of another Glaſs were ꝙ ſquare Inches, 
and ifs focal Diſtance 4 Inches; 'then the 
Effects or Intenſity of Burning would be as 
IX to Fx, Or as 12X 16 to 9X 64, vis. as 
197 to 576. (CXIV.) wala 


11. The Effect of Fire in burning conſiſts in this, 
that the Velocity of the Particles of Fire ſo far increaſes 
the Velocity of the Parts of the Body to which it is 
applied, as to cauſe a Separation beyond the Sphere of 
corpuſcular Attraction, by which means the Body will 
be diſſolved, and the Particles which are volatile will 


fly off in the Form of Steam, Smoak, Fume, &. 


while that which remains appears in the Form of 
Coal. Calx, r Caput Mortuum, &c. 
12. The Parts of ſome Bodies are extremely vola- 


tile, and will moſt of them be diſſipated by the Action 


of Fire; but others again are to be found whoſe Parts 
are of ſuch a Nature, or ſo fixed, as not to yield to 
the Force of Fire, or the Velocity communicated to 
them will not be able to diſſolve the corpuſcular Attrac- 
tion; but when this glowing Velocity of the Parts is 
abated, or, in other Words, when the Fire in the 
Body is extin&, the Parts (and of courſe the whole 
Body) appear unalter d. Of which Sort of Subſtance 
we have a noble Inſtance in that Foſſil call'd the Aſbeſ- 
tos or Amanthus Stone. This Stone is found in divers 
Parts of the World; particularly in Wales a great deal 
may be ſeen adhering to, and growing up with the 
Stone of many of their Quarries, 

( CXIV.) 1. In order to account for the Nature of 
BuRxING-GTAssES, whether Mirraurs or Lenſes, we 
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„ Warn Rays of Light fall on the Sur- 
face of an opake Body, part thereof are 


muſt conſider the Area of their Surfaces, and the focal 
Diſtance; becauſe bõth theſe Quantities enter into the plate 
5 Expreſſion of their Power of Burning, Let A B, and XXX V. 
£ IK, be two Mirrours ex poſed directly to the Rays of Fi 
| the Sun C, E F, and L M, NO; then will all the 4.8. 
8 Rays, falling on the Surface of theſe Mirrors; be re- 
8 fitted to the Focus of the Glaſſes, here they will de 
concentered, not in à Point of Space, but” into a man 
round ciredlar Area GH, and PQ 
2. Now this circular Spot is the Ihtiade of we Sun 
„ inverted, in both Glaſſes; and the Angle under which 
Y the Image of an Object appears from the Centre of the 
18 Glaſs R and 8, is equal to the Angle under which the 
f Object appears; afl which will be ſhewn hereafter. 
l Therefore the Angle GRH=PSQ, and conſe- 
I quently the Cones & RH and PS are ſimilar, and 
. the Areas of their Baſe GH and P-Q will be as 'the 
ff dquares of their Heights RH and 8 Q. that is, a5 the 
Squares of their foca Diftances di | 
. 3. Let A = Area or Surface of the latge Glaſs, a 
that of the leſſer, F and f the ee png and P 
and p the Power of Burning in each. Then, fince 
whiſe the focal Diſtance: remains, the Power of Burn- 
ing (P) will be as the Denfity of the Rays in the folar 
t HG, and this Denſity of the Rays will be as the 
umber cf Rays refteRed thither by the Glaſs, which 
Number of Rays will be as the Surface af the Mirrour 
(A); therefore P will be as A directiy in a Mirrout' of 
the ſame Concavity, that is, P; p:: A: 2. 
4. Again, if the Area of eagh Glaſs be the 1 
the Game Quantity of Rays will be collected, and, Con- - 
verged. to the Fogus's & H and PQ, and conſequently 
ge Denſity, of thoſe Rays will be greater, tbe leſs the 
Spot is in which they are contain d; conſequently the 
of Tomes ar Boring (P.in in this Cafe is keck u. as the 


reflected 
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55 7. Of Burning-Glaſſes we has foe extraordinary 
5 In ances and ſurprizing Accounts of their prodigioug 


nor focal Diſtance is given, we have the Power of 


of Wood Fire is about 35 times greater than that of 


Thermometer 35 times higher nearly); therefore that 


is leſs than a 7 Part of the Glaſs, ſo much the ſtronger 


of Burning is equal to. that of common Fire, it. is 
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reflected to the Eye, which render it viſible; eflet 
the other Part is tranſmitted, and variouſly ill it 


Area of the folar Spot, or the focal Diſtance, that is, Wl pfrects 


1 2 
p will be as Fa or P: * Ef f 8 


powerf 
because 
one Pc 


liffere! 


5. Conſequently when neither = on of the Gla 


Burning compounded. of the direct ratio of the Area 
and inverſe Ratio of the Square of. the focal Diſtance of 
the Glaſs; or we have P: p:: Af“: 2 Fr; which i 
the Rule above laid down. _ 

6. It has been ſhe wn ( Arnot. XCIII. ) that the Heat 


the Summer-Sun (becauſe it raiſes the Fluid in the 


a Glaſs may be able to condenſe the Rays ſufficiently 
to burn, or to have the Heat of common Fire, the Sun's 
Image, or ſolar Spot in the Focus, ought to be at maſt 
but ; Part of. the Area of the Glaſs; and as much as it 


will it burn. In this Caſe, if it be deſired to know in 
what Part of the Pencil of Rays the Denſity is 35 times 
greater than the common Denſity, and where the Power 


found as in the following Example. Admit a Glaſs 


be 9 Inches in Diameter, and let the Diameter of the 15 
required Circle be (a); then ſince circular Areas are as | 
the Squares of their Diameters, we have 35:1::9*: a"; 4 

5 


81 1 
conſequently d, and ſo a = =, 5 nearly; 


whence that Part of the Cone or Pencil of Rays, whoſe 6 

Diameter is 1+ Inches, has the Denſity and Power of 

Burning required; and that this is Fact, and that the 7 
b 
0 


Denſity of the Rays but a little leſs than that will not 


burn, I know from repeated Trials with ſuch a Glaſs, 
or concave Mirrour. , 


5 reflected 
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elected through the Pores of the Body, 
ill it becomes totally ſuffocated and loſt 


Effects. Thoſe made of reflecting Mirrours are more 
zowerful than thoſe made with Lenſes, (ceteris paribus) 
tecauſe the Rays from a Mirrour are reflected all to 
one Point nearly, whereas by a Lens they are refracted to 
liferent Points, and are therefore not ſo denſe or ar- 
lent. Alfo the whiter the Metal or Subſtance is, of 
which the Mirrour is made, the ſtronger will be the 
Effect ; and it is obſervable, that the great Mr. Boyle 
having made a very large Mircour of black Marble, it 
would not ſo much as ſet Wood on Fire, though ex- 
poſed a long Time in the Focus, ſo ſmall a Quantity 
of Rays are reflected from black Surfaces, the Reaſon 
o which we ſhall hereafter explain. 

8. Among a great Number of Mirrours made for 
burning, melting, calcining, and vitrifying Bodies, that 
of Mr. Villette is worth. our Notice; it was 3 Feet 11 
Inches in Diameter, and its focal Diſtance was 3 Feet 
Inches. The following Experiments were made with 
it by Dr. Harris and Dr. Deſaguliers. | 

i. A red Piece of Roman Patera began to melt i in 3” 

and was ready to drop in 100%. 

2. Another black Piece melted at 4“, and was ready 

to drop at 64”. 
3. Chalk taken out of an Echinus Spartagus, fled 
| 23 in 33”. 
A Foffile-Shell calcin'd in 3“%. 
8 A Piece of Pcmpey's Pillar at Alexandria vitriſied 
in the black Part in 50%, and in the white Part 
in * 

6. 1 vitrified in 87. 

7. Slag, or Cinder of ancient lron-Work, ready to 

run in 293“. 

8. Iron-Ore fled at firſt, but melted in 24". 

9. Talc began to calcine at 40”', and held in the Fo- 

cus 64”. 
10. Calculus humanus was calcined in 2”, and only 
dropped off in 60". : 
11. A great Fifh's Tooth melted in 32“. 


therein ; 


—— — > 
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therein ; ; and fince none of thoſs Rays 
| come from the interior Parts to the Eye, 


12. The Abifts ſeem'd a nitle cndenfed i in 28“, and 
Mr. Villette ſays, 'the Glaſs uſually calcines it. 
5 Mareaſite of Gold broke to TICOes and e wo 
"melt in about 30%. | 
5 A Silver Six-pence melted in 4 ö 
15. A Copper Half. penny — King "aver age melted 
in 20% and ran With a 
16. A King George s, 11 meled in in 16", and r: ran 
in 34“. 
Tin melted i in 3 a 
A. Caſt Iron melted in 76% e > 
19. Slate melted in 3˙, and had! a Hole i in \ 6% 
20. Thin Tile melted in 1 had a Hole and vas 
© vitrified in 80% 


221. Bone calcined in 45 5 _— n vitifed in mA 
22. A Diamond: weighing 4 Grains loft 7 of its 
i Weight. . 


405 The Power ey Bering in F; Betts vMiczoie; may 
be computed, and compared with the Heat of Wood- 
Fire, as follows: Since the focal Diſtance RX is 38 
Inches, and the Angle under which the Sun's Image in 3 
the Focus appears at R, is equal always to 32 of a gest 
Degree; therefore if we lay, . P 


As Radius —— — 90 90" = 10,000000 


Ts gn of HRX = oo 26 7,667849 I it h. 
So is the focal Diſtance RX = — Ho — 12585461 4 
Tothe Semidiameter 


of the ſolar Spot : HX = 1 80 0, 179 = = 92253310 Wnt 


Whence 2H X = 0,358 of an Inch, the Diameter of wa 
the ſolar Focus; but the Diameter of the Mirrour was 


47 Inches; now 47 & 47 = 2209, and 0,358 & 358 In 
= 0,128, Sc. wherefore 2209 is to o, 128, as the Den- 

ſiy of the Rays in the Focus to their c6mmon Denfity ; . 
but 70, 128) 2209 ( 17257; which ſhews'that the Mir- I 1 


| Tour condenſed the Rays Seventeen Thouſand T wo Hun- 
dred and Fifty ſeven, times. „ "Y — 


— 


wwe 
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we can ſee nothing of the internal Sub- | 
ſtance of ſuch a Body, which therefore is 
ſaid to be pate. 


10, Since Rays but 25 times denſer than in their na- 
tural State with us, have a Power of Burning equal to 
Wood-Fire, if we divide 17257 by 35, the Quotient 
will be 493; therefore ſuch a Mirrour will burn with 
an Intenſity of Heat 493 times greater than common 
Fire. No wonder then that Bodies which remain un- 
alter'd by the Force of our greateſt common Fires (as 


that of a Glaſs-Houſe, where Gold has been found to 


lie ſeveral Days in Fuſion, without any ſenſible Loſs of 
Weight) ſhould immediately become fuſed, fume away 
in part, part be diſſipated and driven away in large Par- 
ticles, and part remain in the Form of a Caput Mor- 
tuum; all which Phænomena have been obſerved of 


Gold in the Focus of a large Burning-Glaſs. And 


how rudely ſuch a Glaſs would treat the Principles of 
the Chymiſis, and what Confuſion it would induce in 
their Arithmetic of Elements, they will be better cer- 
tied of, when they ſhall attempt to analyſe Nature, 
and reduce Subſtances to their original Principles, by 
more active and effectual Means than Laboratories at 
preſent afford. | | 

11, Notwithſtanding the prodigious Denſity of the 
Rays in the Focus of thoſe large Burning Glaſſes, yet 
it has been always obſerved, that the Rays refleted to 
us by the Moon when at Full, and concentered in the 
Focus of thoſe Glaſſes, produce no Heat that is ſenſible 
in the leaſt Degree, as. is demonſtrated by holding a 


Thermometer in the Focus of lunar Rays, which al- 


ways remains without the leaſt appearance of Motion. 
The Reaſon of this will appear by the following Cal- 
culation. - 2 
12, Let ABD be the Earth, C its Centre, MO 
the Moon, N the Centre, N e the Semidiameter of the 
Moon, which is equal to 1087,5 Engliſh Miles; the 
demidiameter of the Earth DC = 4coo Miles; the 
Vor, II. U ; BvD 
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Fig. 6. 


7 reflected from the Moon to the Earth as follows. 


is a Sphere, and its Surface a perfect Poliſh, whereas 


the ſolar Rays reflected to us by the convex Surface of 
the Moon; and laſtly, ſince parallel Rays are reflected 


ing on the Moon will be to thoſe reflected at the Earth's 


of the common Sun-BSœms. But this is 10 times more 


Moon is not a Sphere but a Spheroid, and her Surface 


* * * * A 
4 * bY N l * n 2 888 48 * 5 * 
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Bor when Rays of Light fall on tranſ- 
parent Bodies, part is reflected at the firſt 


Diſtances of the Centres of the Earth and Moon N C 
= 2400co Miles. Then ſince the Rays of the Sun's 
Light at the Moon are of the ſame Denſity as with us 
(as being Parallel); and fince the lunar Rays are only 


by a ſpherical convex Surface, in ſuch a Manner as to 
go after Reflection diverging from a Point which is ! 
the Semidiameter of the Sphere diſtant from the Vertex 
* will be ſhewn hereafter); therefore ſuppoſing the 

urface of the Moon to be perfectly ſphetical and po- 
liſhed, we may compute the Denſity of the ſolar Rays 


13. Letab, cd, be two parallel ſolar Rays falling 
on 5 Surface of the Full Moon, theſe Rays will be 
reflected to the Earth in the Directions &g and dh di- 
verging from a Point f in the Radius N e, half way 
between N and e. Now the Denſity of the Rays fall- 


Surface, as the Square of g h to the Square of bd, or 
as the Square of D to the Square of fe; but fe = 
544 Miles, and FD (=N C—- CD—Nf = 2400c0 
— 4544 =)225456; and the Square of 233456 is to 
the Square of 544, as 187400 to 1 nearly; conſe- 
quently the Denſity of the lunar Rays is to that of 
the ſolar Rays at the Earth's Surface as 1' to 187400 
nearly ; therefore a Burning Glaſs muſt condenſe the 
lunar Rays 187400 times to make them have the Heat 
than Villette's Mirrour can effect. "A 

14. Now this is all upon Suppoſition that the Moon 


neither of theſe Things have Place in Nature ; for the 


very unequal or uneven, on both which Accounts the 
Reflection of Light mutt be many times weaker than we 
have ſuppoſed it; and accordingly. Mr. Bouguer, by Ex. 
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Surface, and part is tranſmitted into the 


Body, which is refracted in right Lines to 
the ſecond or lower Surface, where it is 
again partly reflected and in part refracted 


into the Air, and coming to the Eye, ren- 


ders the internal Parts of thoſe Bodies 


viſible, which for that Reaſon are ſaid to 


be diaphanous or tranſparent. (CXV.) 


periments, has found that it is about 17 times leſs, or 
that the Denſity of the lunar Rays is to that of the ſo- 
lar as 3000000 to 1; wherefore a Burning-Glaſs muſt 
condenſe the Rays of the Moon near 30co000, i. e. 
three Millions of times, to make them warm enough 
to raiſe the Liquor of the common Thermometer; 


which is an Effect almoſt 200 times greater than Yil- 


lette's Mirrour can produce. 
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(CXV.) 1. The Opacity and Tranſparency of Bo- Plate 
dies in general is thus occaſioned: Let A B be the Sur- xxxvr. 
ace of an opake Body A BCD, a Ray of Light GH Fig. I, 


falling thereon in the Point H will in part be reflected 
into the Ray HI, and by this reflected Ray the Point 


H becomes viſible to the Eye at I; and thus all the 


Points, and conſequently the whole Surface, is made 
viſible by that Part of the Light which it reflects. 


2. But the other Part of the Ray entering into the 


Body, being irregularly refrated and reflected through 
its internal Subſtance of Particles and Pores, becomes 
divided, diſſipated, abſorbed and loſt therein; and there- 
fore as none of the Rays can come from the internal 
Parts to the Eye, fo none of thoſe Parts can be viſible, 
and the Body is in that caſe ſaid to be opake. 1 55 
3. In order to this we muſt conſider, that though the 
whole Body be opake, yet the Particles of ſuch a Body 
are not ſingly opake, but freely tranſmit the Light with. 
out refleting, any Part between the Surfaces, and are 
therefore in themſelves tranſparent; and were thoſe 


U 2 WHEN 
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Plate 
. 


Wurd a Ray of Light HC falls on atly 
plain, convex, or concave Surface, as AB, 


particles contiguous to each other, the Light would paſs 


from one to another (and ſo through the whole) with- 
out Reflection, as we find by Experiment it will paſs 


through ſeveral contiguous Pieces of poliſhed Glaſs, 
and thus produce Tranſparency. 


4. But if the Particles do not touch in ſuch manner 


as to leave the Interſtices or Pores exceeding ſmall, 


there will be a Refledion of Light at every Pore from 
the Air which it there meets with, as 8 I Medium 


of different Denſity. For it is known by Experiment, 
that though a Ray of Light will paſs from one Piece of 


Glaſs to another, that js contiguous without Reflection, 


yet will it not paſs from the Glaſs through the con- 


tiguous Air without being in part reflected ; conſe- 
quently where the Pores are large and very numerous, 


there the Reflection of the Light will be ſo great upon 


the whole, as to cauſe a total Diffipation and Loſs of 
the Light that enter'd the Body, and ſo render. it 


s 


opake. | | 
5. This is confirmed by taking ten Pieces of clear 
Glaſs, and Jaying them one upon another over a Leaf 


of Print, quite dry, and having only Air between them; 


then taking ten other Pieces of the ſame Glaſs, and 
putting them into Water, ſo that it may fill all their 
Interſtices, and then laying them on the ſame printed 


Paper by the other, a Perſon looking through each will 
ſee the Print or reading much more diſtinct, clear, and 


bright, through the Jatter Pieces than through the for- 


mer ; the Rays being more regularly tranſmitted through 
them where the Denſity of the Parts is not ſo unequal, 
and alſo with much leſs Reflection, than through the 


other, where the Light undergoes a conſiderable Re- 


flection at every Interſtice or Flate of Air between the 


Glaſſes. 


6. Tis hence alſo that tranſparent Bodies are ren- 


dered opake by ſeparating their Parts and rendering them 
more porous; thus Beer before it is raiſed into Froth 
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DE, FG, in the Point C, the Angle HCK, 
made by the incident Ray HC and the 


is tranſparent, but the Froth, by reaſon of its Pores, 
| becomes opake ; thus dry Paper is more opake than 
1 that which is wetted with Water or Oil, becauſe more 
FE: porous. Thus the Oculus Mundi Stone is more opake 
| when dry than when ſteeped in Water; and Glaſs re- 
duced to Powder is no longer tranſparent. _ 
7. Hence it follows, that the Parts of Bodies and their 
| Pores muſt not be leſs than a certain definite Bigneſs to 
render them opake. For the opakeſt Bodies, if their 
2 Parts be ſubtilly divided, become perfectly tranſparent. 
| Thus Copper diſſolved in Aqua-fortis has all its Par- 
ticles pellucid, and the whole Solution is tranſparent, 
ka. Thus a Bubble blown of Soap-Water may become fo 
thin on the Top as to reflect no Light, but will tranſ- 
mit the whole. Thus Water, Salts, Glaſs, Stones, &c, 
though they are as porous as other Bodies, yet their 
Parts and Interſtices are too ſmall to cauſe Reflections 
in their common Surfaces,  _ 
8. Therefore in all tranſparent Bodies, as B EF C, a plate 
Ray of Light, as K L, falling on its Surface in the XXXVI. 
Point L, will there be in Part reflected (as before) into +. 5 5 
the Ray LM ; the other Part will go regularly on in a 8. 
rectilineal Direction from the upper to the lower Sur- i 
face at N, where meeting with the Air (a Medium of a 7 1 
different Denſity) it will be in Part reflected again into 
the Ray NO; the other Part goes out to the Eye at P, 
by which Means all the internal Parts from whence that 
Ray comes will be rendered viſible to the Eye; and 
ſince this may be conceived of every Point in the Body, 5 
it is eaſy to underſtand how the whole becomes tranſ- = 
parent. Sn | TY „ 
9. I have often found Gentlemen reflect with great 
Surprize on the exceeding great Poroſity of Bodies 
neceſſarily required for the Tranſmiſſion of Light, and 
yet at the ſame Time on the Hardneſs and Firmneſs of 
the Parts of ſuch Bodies, as Glaſs, for Inſtance, and 
others. But Sir Jaac Newton has put us into a Method 


92 Perpen- 
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Perpendicular K C, is always equal to the 


Angle K CI, made by the ſaid Perpendi- | 


by which we may conceive this with as much Eaſe as 
it produces Surprize; and it is this: Suppoſe a Body 


be compoſed of ſuch Particles, and of ſuch a Figure, 


that when laid together, the Pores or Interſtices may be 
equal to the Particles themſelves; how this may be 
done, and the Body hard and firm, is not difficult to 
conceive ; ſuch a Body then will be half ſolid and half 


porous, 


10. Now if each of theſe conſtituent Particles, in- 
ſtead of being ſolid, ſhould be ſuppoſed to conſiſt of 


other Particles, equal in Bulk to their Pores between 


them, then would the ſolid Part of the whole Body be 
but half of what it was before ſuppoſed to be, that is, 
it will be but 7 Part of the whole Bulk. In like man- 
ner if theſe Parts are ſuppoſed not ſolid, but to conſiſt 
of other Parts with equal Pores between them, tis then 


manifeſt the folid Matter will be but; of the whole 


Bulk of the Body. And thus by continuing this Subdi- 
viſion of the Parts, you diminiſh the Quantity of the 
ſohd Parts, and increaſe that of the Pores, till it ſhall 


be in any Proportion greater than that of the ſolid Mat- 


ter, and yet the Parts, and conſequently the whole 
Body, ſhall be every where compact and hard. 


11. Hence it follows that the leaſt aſſignable Particle 


of Matter may be conceived to be ſo minutely divided, 


that it ſhall be diffuſed through any affignable Space, 


how great ſoever, in ſuch a manner, as to be in Con- 
tact, and to conſtitute a hard and compact Body, whoſe 
Pores ſhall be leſs in Diameter than any aſſignable 


Length; or, in other Words inverſely, the ſolid Mat- 
ter in the Globe of our Earth, yea of all Bodies in 


the Univerſe, may be no more than what may be re- 


_ duced within the compaſs of a cubic Inch, or be con- 


tained in a Lady's Thimble, They who would ſee a 
Mathematical Demonſtration of this, may conſult Dr, 
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ATE, BD, ind etAE=s, BD=k ED=c md ©» 
EC=x; then CD = -x, and AC Vaakxx, 


aa . Heb bb Þ cc—2cx+xx | 


lar, — therefore the Angle of Incidence ACE = =B D 
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cular and the reflected Ray CI: Or the 


Angle of Incidence is equal to the Angle 


of Reflection in every Inclination of the 
Ray of Light. This 1s evidently ſhewn by 
Experiment; and it 1s very well worth our 
Obſervation, that in this Caſe. only, the 
ſaid Ray takes the ſborte/# Way poſſible from 
any Point H, to any other Point I, if it 


muſt, in its Paſſage, touch any of thoſe 
Surfaces (CXVI. ) 


12. Hints we ſee the Poſhbility of Bodies being ſo 
exceeding porous, as to be rare enough to tranſmit 
Light with all that freedom pellucid Bodies are found 


to do. Though what their real Structure or inward 


Frame may be, is yet unknown to us. 

(CXVI.). 1. The Demonſtration of this is as fol- Ss 
lows: Let A C be the incident Ray, and CB the re- XXXVI. 
fleded one; from A and B let fall the Perpendiculars 


and alſo CB = =vV/bb+cc—2cx Fax. Then 
ſince ACT CB is to be a Minimum, we muſt 


make the Fluxion of its Expreſſion V. aa ＋ A -. 
v bb Tec 2c Tx equal to nothing, via. 


x * x * — 41 


— ·˖ o; whence 


dividing by x, and multiplying croſs-wiſe, we have x X 
rec = ＋ 7 „ * Va a a +. x PY _conſe- 
quently x & V bo fc. —2ox xx = cx XV aa Tac, 
that is, EC X CBS CDN AC; and ſo we have 


EC: Ac: CD: CB. Conſequently {by Euclid, 5 
and 7.) the Triangles A E C and BDC are equiangu- 


= Angle of Reflection. | 
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Tur Rays of Light reflected from the 
firſt Surface of a Glaſs are in a much leſs 
Quantity than thoſe reflected from the 
ſecond Surface, as 1s evident from hence, 
that the Image formed in the firſt Caſe is 
leſs bright and ſplendid than that of the 


latter; and if the ſecond Surface be con- 
tiguous to any tranſparent Medium, as Air, 
Water, Sc. the Rays will be reflected from 
thence in greater Plenty, as the Medium is 


more rare; whence the Image by Reflection 
from the ſecond Surface is brighter when 


that Surface is contiguous to Air, than 
when it touches Water; and moſt bright 


when it is contiguous to a Vacuum. 


Ix the ſecond Surface of Glaſs be cover d 


with an opake Body impervious to the Rays 


of Light, they will then be reflected in 

much greater abundance from the ſecond 
than from the firſt Surface, and the Image 
will be proportionally more bright than that 


formed by. Reflection from the firſt Sur- 


2. Since as concave Plane F C 6, and convex SPlaks 
DCE do both touch the Plane A Bi in the ſame ſingle 
Point C on which the Ray of Light is ſuppoſed to fall; 
the ſame Law of Reflection muſt hold with reſpect to 


all the Planes equally ; becauſe the Situation of any 


other Particles have nothing to do in the Cauſe of Re- 
flection of Light, but that on RY ne WT med. 


2 0 * | 
i face; 
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face; which is the Caſe of all Glaſſes fo- 
| lated or quickfilver'd. Whence it appears, 
that the Light reflected from the firſt Sur- 
face bears a very ſmall Proportion to that 
which is tranſmitted into the Subſtance of 
the Glaſs. | 
WIEN a Ray of Light. as H C paſſes Plate 
out of Air into a denſer Medium, as ABF ©; XXXIV, 
it will be ſtrongly attracted by the Particles Fi 8. 8. 
of the Surface of the Medium A B, a little 
way on each Side; the Conſequence where, - 
of is, that its Motion will be accelerated at 
the Entrance of - the Medium, and its Di- 
rection ſomewhat altered; for ſince the At- 
traction of the Medium is perpendicular 
to its. Surface, it will deflect or bend the 
Ray out of its firſt Direction H F, into a 
new one CE, (through the Medium) which 
lies nearer to the Perpendicular K D, drawn 
through the Point of Incidence C: And 
this is called the RR·FRAcTION F 4 Ray of 
Light; HCK is the Angle of Incidence, 
and D CE the Angle of Refraction. | 
Ix on the Point C be deſcribed a Circle 
DHKG, and from the Points H and G 
(where the Circle cuts the incident refracted 
Ray) be drawn the Lines HL, GI, at Right 
Angles to the Perpendicular KD, they will 
be by Sines of the Angles of Incidence and 
| "OO 
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Refraction. And it is ſeveral ways demon- 
ſtrable, that in every Inclinatfon of the 


Ray of Light HC to the Surface of the 
Medium AB, thoſe two Sines HL and G1 
will always have one certain or conſtant 
Ratio or Pr ee to each other: And 


that HL: GI :: 4: 3, if the Refraction 


be out of Air into Water; but HL : GI :: 
17: II, or 3 : 2 nearly, if out of Air into 
Glaſs; and in general, the denſer the Me- 


dium, the greater its refractive Power, or 


Diſproportion of the Sines; all which Par- 
ticulars are render d vey evident by Ex- 
1 os 

Ir a Ray of Light, as E C, paſs out of 


a denſer Medium into a rarer, as a Vater 


or Glaſs into Air, it will, upon entering 
the rarer Medium at C, be refracted from 


its firſt Direction EN into a new one CH, 


which will be farther off from the Perpen- 
dicular K CD; and in this Caſe, I G will 
be the Sine of the Angle of Incidence, and 
H L that of the Angle of Refraction; and 
all other Particulars juſt - the reverſe of 
what they were before under the ſame 
Names. 


Hence it les that 17 any Object be 


oa ced at E, and covered with Water to 
hr der CD, it will be ſeen by an Eye 
” placed 


*% „% ͤ ͤͤ¶⏓ö3z3jÿk m he; 


8 


0 
: 
] 


© E | is raiſed into the Situation C F; and 
the 
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m any where above the Surface AB, 
in a e . lower than would be other- 
wile poſſible; and thus Objects which are 

inviſible may be render'd viſible by the In- 


terpoſition of a denſer Medium, as is well 


known by a common Experiment. On 


this Account it is that we ſee the Sun, 
and other Luminaries, while they are yet 


below the Horizon, in a Morning before 
they riſe, and in the Evening after they 
are ſet, by the Refraction of the Atmo- 


ſphere. Hence alſo the Difference in the 
Diameters of the horizontal Sun and Moon, 
and their elliptic Figure, by the greater Re- 
fraction of the Rays coming from the 


lower Limb. 


AGAIN; it follows, that bs an Object 


be viewed which is part in one Medium 


and part in another, as a Staff repreſented 
by NE, it will not appear ſtrait, but crooked; 


for if the Eye be in the rarer Medium, 8 


the Part of the Staff in the denſer, CE, 
will be refracted into the Line CF, and 
the whole Staff. will APPEAL, 4 in the crooked 
Form NCF. 

Hencz alſo all Objects in a RET RY Nie- 


dium appear raiſed or elevated above their 


real Situations: Thus the Part of the Staff 
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the Bottom of all Veſſels, if covered with 
Water, appear raiſed, or higher by a fourth 
Part of the Depth of the Water, than 
what they really are (CXVII.) 


(CXVII.) 1. If Bodies, on which Light falls, were 
ſuppoſed to affect it no other Ways than by giving Ad- 
miſſion to the Rays, or permitting them to paſs thro? 
their Subſtance, they would then perſevere in the ſame 
Right Line after their Immerſion, as before; and of 
Courſe there could be no ſuch thing as the Refraction 


above defined. But Bodies are not paſſive to the Rays 
of Light, but act upon them with a real and dętermi- 


nate Force, as is evidently proved by Experiments. 


Thus if a very ſmall round Hole be made in a thin 


Piece of Metal, and the Light of the Sun tranſmitted 


through it into a dark Room; if the Metal acted not 
on the Ray paſſing through the Hole, the Spot of Light 
would always be of the ſame Size with the Hole at all 


Diſtances from it ; but becauſe we always obſerve the 
luminous Spot is larger than the Hole, and the more 


- Þ as it is farther diſtant, is a plain Proof that the Par- 
ticles of the Metal in the Peg of the Hole act with 


an attracting Force on the Rays of Light, and inflect them 
in ſuch a manner as to cauſe them to proceed diverging 


from each other. 


2. In like manner, if the Rays of Light are made to 
paſs between the parallel Edges of two Knives placed 
at the Diſtance of 15 of an Inch, we ſhall obſerve on 
each Side the tranſmitted Beam a Glare of Light like 
that of the Tail of a Comet, if the Beam be received 
on a Sheet of Paper, at the Diſtance of about 4 or 5 
Foot from the Knives. And if the Knives are placed 
with their Edges about 73; of an Inch apart, inſtead of 
the Light above-mentioned, you'll obſerve on each Side 
the Beam of Light, three Fringes of colour'd Light 


parallel to the Edges of the Knives, which are more 
— af as the Hole of the Window or Beam of ightt 


THE 
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+ Tur Sun's Rays, as J have ſaid, are not 
homogeneous, but of different Kinds; and 


3. If the Edges of the Knives be brought within 
286 of an Inch, no Light will appear on the Paper be- 
tween the ſaid Fringes, ſo that all the Light which 


paſſes between the Edges is infleted on either Side, 


which plainly ſhews that Steel acts at the Diſtance of 


res Part of an Inch upon the Rays of Light, by an 
increaſed as the Diſtance of 


/ 


the Knives is diminiſhed. 


4. On the other Hand, the Shadows of all Bodies 
placed in the Beam of Light in the dark Room are 


larger than they ought to be, were the Rays of Light 
to paſs by them unaffeted by any Power from them; 
for then the Shadow would be at all Diftances of one 


and the ſame Bigneſs, viz. equal to that of the Body; 
but ſince we obſerve the Shadow always larger than the 


Body, it follows, that the Rays muſt proceed diverging 


from the Surface of the Body, which they could not do 


but by virtue of a repellent Power, which cauſes them 
to ſeparate to a greater Diſtance after they have paſs'd 


by the Surface of the Body ; thus the Shadow of a' 


Hair has been obſerved 35 times bigger than the Hair 


itſelf, | 1 

5. This attracting and repelling Power in the Par- Plate | 
ticles of Bodies, by which they infle& the Rays of XXXVL 
Light, is the Cauſe of all Reflection and Refraction Fig. 4. 


of Light, of which we ſhall now treat more particu- 


larly, Let there be two Mediums (ſuppoſe ef Air and 


Water) and a Ray of Light H G in the rarer Medium 
Air) tend towards a Point K in the Surface of the 


denſer Medium (Water) AB; the n ] 
of the Particles in the Surface of the denſer 


extends to a certain ſmall Diſtance, as to the Line EF; 


as ſoon then as the Ray is arrived at the Line E F, it 


gets into the Attraction of the Medium, which acts 
perpendicular to the Surface. 2 


* 


6. The Particle of Light in the Point G, begins to 
be acted upon by two Forces; one derived from its na- 


each 
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30 


. ˙ rn WIR RD — 


= 


— — 


3 — — — 2 . x - 22 
n g 0 2 — = 
- n 


392 


W 


Of Licut and Colouzs. 


each Sort has a different Degree of Refran- 


gibility, that is, in paſſing through a denſe 


tural Velocity in the Direction G K, the other derived 
from the attracting Medium in the DireQion GI; let 
then the Parallelogram GK MI be compleated, and 


*tis manifeſt (from what we have ſhewn already) that 
the Ray will move in the Diagonal of this Parallelo- 


ram, viz, in the Direction G M, and impinge on the 


face at L. 5 


7. Now ſince the Ray of Light, after it comes to G, 
is influenced by the attracting Virtue of a Number of 


Particles continually increaſing till it comes to L, the 


Force therefore by which it is urged in the Direction 
_ Gl, is a Force uniformly increaſing, like that of Gra- 
vity; its Motion therefore will be conſtantly accele- 


rated, and its Direction G L not a Right Line, but a 


Curve. But ſince the Diſtapce GT is indefinitely ſmall, 


the Curvature of its Path for ſo ſhort a Space is not 

N and may therefore be repreſented by a Right 
Line. 9 5 9 5 Xe 
8. Let NO be drawn parallel to the Surface A B, at 


the ſame depth below, as E F is above it; and then it 
is evident that ſince the Particle of Light is attracted 


every way equally within the Diſtance of I G all' round, 
the Attraction will be greater towards the Line NO as 
it approaches nearer to it; conſequently its Motion will 
ſtill be accelerated from L to the ſaid Line, and will 
alſo be a Curve ; therefore the Particle will not go on to 
M in the Diagonal G M, but will go to a Point P 
in the Curve LP, nearer to the Perpendicular Line 


LQ. | 


9. Aſter it is arrived to the Line N O in the Point 


P, the Attraction will be on all vides equal, its Motion 
or Velocity uniform, and its Disection a Right Line, 


till it comes within the ſame Diſtance G I of the under 
Surface of the Medium CD, where its Path will again 


begin to be incurvated into R S, and every thing will 
be the Reverſe of 'what we have now. obſerved at its Im 


Medium, 
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Medium, they are differently diſpoſed to 
be refracted, being bent or turned out of 


merſion, that is, RS will be ſimilar to G L, and SV 
parallel to H G, or the Ang HGX=VSY. 

10. The denſer any Medium is, the greater will be 
the Number of attracting Particles in a giverr Space, 
and fo the greater will be the Force GI, or the refrac- 
tive Power of the Medium; thus Water is leſs denſe, 
and therefore has a leſs refractive Power than Glaſs, and 
Glaſs leſs than Diamond. But Oili, though leſs denſe 
than Water, have yet a greater refractive Power, as con- : 

| taining a greater Proportion of Sulphur than other Bodies; 
for ſince Action and Re-aCtion are mutual and equal be- 
tween all Bodies, and ſince we fee that Rays of Light 
congregated by a Burning Glaſs act moſt upon ſulphu- 
reous Bodies in turning them into Fire and Flame, fa 
on the contrary, Sulphurs, Oils, Spirits, &c. ought to 
at moſt upon Light, as we conſtantly find they do; 
and Sir Iſaac Newton thought it reaſonable to attribute 
the refractive Power, of Bodies chiefly, if not wholly, 
to the ſulphureous Parts with which they abound. 

11. Since the Velocity of Light in different Medi- pate 
ums is diffe: ent, let its Velocity in the rarer Medium XXV. 
from H to C be to that in the denſer Medium from C Fig. 8. 
to E, as m to n; and ſince the Spaces deſcribed are as 5 
the Rectangles under the Times and Velocities, the _ 
Times will be as the Spaces directly, and the Velocities 
inverſely z whence the Time of ae the Line 
HC will be to the Time of deſcribing the Line CG, 

28 n XH C tom Xx CG. LetClI=a, CL'=}, HE 
+IG Se, and 168 &; then will HE =c— xp 
and conſequently © G A, and HC= 
WW bb+cc—2cx+xx; whence the Time in which 
HC+CG is moved through is m V aa+xx+# 
VITA. | 

12, Now admitting that Nature does every thing in 
the, ſhorteſt Way, we have the foregoing Expreſſion of 
the Time a Minimum, and ſo its Fluxion equal to No- 


their 


304 


WF" kaun and Cloths. 


their firſt Courſe to different Diſtances from 


the On? : And theſe ſeveral. Sorts 


thi De 1 | n- nA 5 

in vi. r | =O 

8˙ Va x pb Fee e Fa ö 
. n 


whence we \ ave 


7 aa A X of bb Pee zer Far chat 


: 2 XIG XH 
EE xc Hence, making HC = CG, 
we 5 m XIGS XH L; and conſequently, mi: u 
HL: IG. ; 

13. But the Ratio of m to n, that is, of the Velocity 


before and during the Refraclion, is conſtant, or always 


the ſame in the ſame Media; therefore the Lines HL 
and IG are in a given or conſtant Ratio. Hence we 


have this fundamental Law of Refraction, That the Sine 
of the Angle o feof Incidence is always in a conſtant Ratio to 
the Sine of the Angle of Refraction, in all Inclinations of 


the incident Ray whatſoever. 


14. Since the Proportion of theſe Sines is conſtant, 


it remains that we determine what that Ratio 1 is in Gif. 


ferent Media; and for that Purpoſe thete are various 


dne et the beſt of which I Halt here defcribe, 


but muſt firſt premiſe the following Lemma. Let GHD 
be an equilateral Triangle, and let the Angle D be bi- 
ſected by the Right Line DO; let AK M be drawn 
parallel to the dide G H, and through the Point K 
draw I KN cutting OD in N; then is the Angle AKI 
NK B, as being vertical to each other. Alſo the 
Triangle NK D is divided into two ſimilar and equian- 
gular Triangles N K B and B K D, by the Perpendicu- 
lar K B; and therefore the Angle NE B is equal to the 
Angle K DB. All which | is evident from Euclid's Ele- 
ments. 

6 Suppoſe 1 now that GH D be the Section of a 
Priſm'of Water or Glaſs, or any pellucid Medium, and 


K M a Ray of Light paſſing through it parallel go. the 


Side GH; aud let it go out of the Priſm and Be re- 
Cree into the Air on each Side into the Directions KF 


of 
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of Rays have each a peculiar Colour, vix. 
thoſe which are leaſt refrangible are red ; 


and ME 3 upon the Point K deſcribe the Semicircle 
PIQ; then is NK B (K DB) = AK 1, the Angle 


of Incidenee out of the Priſm into Air, and FE I is 
the Angle of Refraction; conſequently, A R and FS 
are the Sines of the Angles of Incidence and Refrac- 
tion out of the Priſm into Air. 1 

16. On the contrary, we may conſider F K as the 
incident Ray falling upon the Priſm in the Point K, and 


refracted in the Direction K M parallel to the Side G H, 


which at the Point M emerges again into the Air in the 
Direction ME, making the Angle EML with the 
Perpendicular M L equal to the Angle FK I. In this 
Caſe the Angle FK I is the Angle of Incidence, and 
N KZ is the Angle of Refraction in the Priſm ; which 
Angle of Refraction is therefore given, or conſtant, as 
it is always equal to the Angle K D B, or half the 
Angle of the Priſm. 


| | 5 Ys N 
17. The Angle of Incidence F K I conſiſts of two Plate 
Parts, viz. of the given Angle A KI (= K DB) and XXXVI. 


Fig. 6. 


the additional Angle AK F. Now the Angle A KI 
is known, as being equal to half the Angle of the 
Priſm; and the Angle FK A is known by placing the 
Priſm by the Centre of a graduated Semicircle, as ABC, 
carrying an Index, whofe two Arms F K and K E are 


cequally elevated above the horizontal Line A ©, and 


correſpond to the incident and emergent Ray F K and 
M E m the other Figure. For here tis evident, if an 
Object be placed on the End of the Arm F, it will be 
ſeen by an Eye looking through the Sights at the other 
End of the Index E; and when the Object is thus 
ſeen, the Angle AK F is known by the Number of 


Degrees which each Arm cuts upon the Limb of the 


Semicingle; f 1: 
18. This Number of Degrees, added to the conſtant 
Number zo, which is equal to half the Angle of the 


Priſm gives the whole Angle of Incidence FK I; and 
thus the Augles of Incidence and Refraction being 
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the ſecond Sort, Orange; the third Sort, 
Yellow; the fourth Sort, Green; the fifth 


found, the Proportion of the Sines FS and AR will be diſ. 
covered, which Ratio is always the ſame while the Mat- 
ter of the Priſm remains the ſame, as was before ſhewn 
from the Theory, and may by this Inſtrument be proved 
by Experiment. For Example, let the Priſm be of 
Mater, it will be neceſſary to elevate each Arm 12 De- 
rees upon the Limb, before the Image of the Object at 
F can be ſeen by the Eye at E; then 12 + 30 = 40% 
= FK AT AK I= FK, the Angle of Incidence. 
But the Sine FS of 42 is to the Sine AR of 300% as 4 
to 3 very nearly. W e 
19. Now it is plain, if the Ratio of the Sines AR 
and FS were not fixed, ſince F S might be in any Ratio 
greater or leſs than AR, the incident Ray FK may 
make an Angle F K I greater or leſs than 429, and yet 
the Object at F be ſeen by the Eye at E; but this we 
find by Experiment to be impoſſible, becauſe there is no 
other Elevation of the Arms of the Index that. will ex- 
hibit the Appearance of the Object, but the one above- 
mentioned. i” IT 
20. If GHD were a Priſm of Glaſs, as that is a 
denſer Body than Water, ſo its refractive Power will be 
greater, and conſequently it will act more ſtrongly up- 
on the Ray K M at its Exit into the Air, and cauſe it 
to be refracted farther from the Perpendicular I K or 
ML. Therefore the Angle of Incidence out of Air 
into Glaſs, viz. the Angle FK I, ought to be greater, 
and ſo to require a greater Elevation of the Legs of the 
Index than before in the Priſm of Water: And this we 
find by Experiment is the Caſe; for then the Elevation, 
inſtead of 12%, muſt be about 22% or 235. 1 
21. Hence tis plain, the Sine of Incidence FS muft 
be in a conſtant Ratio to the Sine of Refraction AR; 
becauſe, ſince the Angle AK L is 'invariable, (being 
always equal to G D O) and in the fame Medium G D 
H, the Angle FK I muſt always be the ſame, becauſe 
the refractive Power is every where ſa; therefore, the 
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Sort, Blue; the ſixth Sort, Indigo; and the 


ſeventh Sort, Violet, which are moſt re- 


frangible, or refracted to the greateſt Diſ- a 


tance from the perpendicular. 
To illuſtrate this Matter, let G F repre- 
ſent a Parcel of the ſolar Rays entering 
through the Hole Hof a Window-Shut- 
ter, into a darken'd Room; and there let 
them fall on the Priſm ABC, in the Point 
F: In paſling through the Priſm they will 
be ſeverally refracted in a different Degree, 
and thus ſeparated from each other, ſo 


that at their Exit on the other Side at E, 


Angles being conſtant, the Sines will be ſo too; of 
their Ratio to each other always the ſame. 

22. As by this Inſtrument the Angles of Incidence 
and Refraction are diſcovered, the Ratio of their Sines 
will be known of courſe, for each feſpective Medium; 
Thus in Water the Sine of 42 is to the Sine of 30? 
as 4 to 3 very nearly; and in Glaſs the Sine of 460 is to 
the Sine of 30% as 3 to 2, or more nearly as 17 to 11. 
By ſome Experiments it has been ſound, that the Sine 
of Incidence Is to the Sine of Refraction in Diamond 
% ys | 

23. But ſince in Phyſical Matters we have no Autho- 
rity comparable to Sir /aac Newton, I ſhall here give a 
Table (from his Optics) of the Proportion of the dines 
of Incidence and Refraction of Yellow Light (that 
being nearly a Mean between the greateſt and leaſt re- 


frangible Rays, as we ſhall ſee farther on). This will be 


contain'd in the firſt Column; the ſecond expreſſes the 
Denſities of the Bodies eſtimated by their Specific Gra- 


vities; and the third the refractive Power of each Body 


In reſpect of its Denſity. : 
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they will proceed at different Diſtances 
from the Perpendicular EP to the other 


| ö  Froportiun of Ihe Key. 
2% The Refacing Bog. e Sat., Henſh. Poor 
[Ar — — 3201 to 3200[0,0012| 5 208 
Glaſs of Antimony 17 to qs, 2800 4864 
A Pleudo- Topaz 23 to 14[4,2700| 3079 
A Selenites — 61 to 4125 200 5386 
ommon Glaſs 31 to 20[2,5800| 5436 
Cryſtal of the Rock 25 to 162, Sg o 5450 
Hand Cryſtal 5 0 32, 200 65 36 
al Germ — | 17 to 112, 1430 6477 
Aum  —— —— | 35to g4[l,7140} 6570 
rax — — | 22to 15|1,7140| 6716} 
itre—— — 30 to 2111,9000] 7079 
Dantzick Vitriol 303 to 2cc|1,7150| 7551 


12 to 7[1,7000| 6124 
529 to 39C|1,0000| 78544 
Gum Arabic —— | 31to 211,750 8574 
. [Spirit of Wine rectiedſ 100 to 73j0,S060|10121 
Camphire —— 3 to 2jo,cg60[12551 
1 22 to 15j0,9130[126c7 
40 to 270, 9320012819 
Spirit of J urpentine 25 to 17ſo, 8740013222 

14 to 9 „40013654 


1 1coto 413.4001140 


25. The Refraction of the Air in this Table is. de- 
termined by that of the Atmoſphere obſerved by Aſtro- 
nomers ; for if Light paſs through many refracting Sub- 


| ances, or Mediums, gradually denſer and denſer, and 
terminated with parallel Surfaces, the Sum of all the 
Refractions will be equal to the fingle Refra&tion it 
would have ſuffer'd in paſſing immediately out of the 


firſt Medium into the laſt ; becauſe the immergent Ray 


will be parallel to the incident one in every Medium 


ſingly (by Art. .) if they were ſeparated; and their 


ing contiguous can make no Alteration. . Hence, if 


XXXVI. AA be the Medium of Air interceding two different 


Media, as BB of Water, and CC of Glaſs; then the 


emergent Ray ei out of the Water is parallel to the in- 


Side 


aa .. ca a tac © 
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Side of the Room, where they will make a 
long and various-colour'd Image of the 


cident Ray ac, and the emergent Ray Jo out of Glaſs 
is parallel to the incident Ray ei; whence tis plain, 
the Refraction of the Ray i! is the ſame as if the two 
Media B B and CC were contiguous, the Ray ei in 
that Caſe being loſt, which makes no Difference. 

26. Hence, if the Sine of Incidence out of Air into 
Water be as (ab: de) I: R, and that of Incidence to 
the Sine of Refraction out of Air into Glaſs as (no: 7#) 

48R £ 466 
J: R; then no = - 


12 =ab= 2 whence RX 
Ixi t = RXIX de; but when the two Media BB 
and C C are contiguous, de = cf will be the Sine of 
Incidence out of Water into Glaſs, and i = m the 
Sine of Refraction; therefore cf: m:: RX I: RXI + 7 
: the Sine of Incidence out of Water: to the Sine f 
Refraction in Glaſs. $a | 


- 


27. I cannot here omit to mention the accurate Me- plate 
thod which was made uſe of by Mr. Hawi/bee, at the xXxxvl. 
Appointment of the Royal Society, to determine the Fig. 8 5 
refractive Power of the Air, which was thus: He made = 
choice of a diſtinct erect Object P, at the diſtance of 
2588 Feet; a Priſm ABC was exhauſted of its Air, and 
applied to.the End of a 10 Foot Teleſcope with a Hair 
in its Focus. The Object was then viewed through 
the Vacuum by the Ray PES; then admitting the Air 
into the Priſm, the Object was ſeen to riſe, above the 
| Hair gradually, as the Air entered; in the End, the 
Hair was found to hide a Mark in the Object 101 Feet 
below the Mark, as at P, ſo that PM = 104 Feet. 
28. This done, the Condenſer was applied, and ane 
Atmoſphere injected into the Priſm, which was applied 
to the Teleſcope, as before, and letting out the Air, 
the Object was ſeen to deſcend through the ſame Space 
of 101 Feet. Now fince the Radius PI 2588, and 


ob = 10,29, we ſhall find the Angle EI M = 68, 
the half of which gives 34“ for the Angle l, which 
T- M19 Sun 
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$un XY, which is, perhaps, one of the 


moſt ſurprizing and agreeable NOT of 


Nature. 


taken fram the QD K or QB1 D * 32 =balf the 
Angle of the Prim) gives the An ngle K DI or LDS 
= 31 59” 26”, and ſo the Sine of the Angle of Inci- 
dence in /acz? (32®) is to the Sine of the Angle of 
Refraction into Air (31% 59' 26") as I 000000 to 
999736. (See Mr. Eawiſpee's own Figures in Plate 
35. Fig. 7, 8, 9.) 


29. ee to underſtand the 88 between the 


true and apparent Places of Objects, ſeen through a 
Medium of different Denſity from the Air, let the 
Scheme he conſtructed as in the Figure, where the Sines 
of Incidence and Refraction are HI. and GI; ; and 


XXXIV. theſe are in a given Ratio of A to B, that is, HL: 
Pig. 9. GI:: A: B; but becauſe of parallel Lide NQKC, 


ve HLS NR; therefore NE {106 AB: 
LEED HC; but NC: HC: CE: CM, be- 


cauſe P E is parallel to KD, therefore CE: "CM :: 


07: Bo" 
30. Nov fince the Ray E C coming from an Object 
at E is refracted in the Air into the Ray H C; if A C 
be continued to F, the apparent Place of the Object 
will be in the refracted Ray at M in the arp 
EP, and projected to F on the horizontal Plane O R, 
dut the Point M will always be the viſible Place of the 
Image; therefore when the Angle C E Oi is indefinitely 
5 or the Point C coincides With O, he Lines C E 
and C M will become O E and OM; andin that caſe, 


OE: OM: A: B:: 4 3. in Water. Whence * tis 


Fx © NY 


x of the Pech of Water. Tols Þ 
1 1. But if the Medium be Glaſs ü then OE: O M 
* or more nearly as 17 to 11; fo that 1) OE = 
„or the apparent Place of an Object ſeen throf#zh 
lab, wor be ar the Diſtance of 17 of 
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Tux ſeveral Sorts of Rays, after they 
are refracted, appear in their own proper 


the Thicknels of the Glaſs © E. In Dian a it would 
be at the Depth of + of the Thickneſs, and ſo on for all 
the other Bodies mentioned in the foregoing Table. 

32. On the other Hand, as the Point C recedes from 
the Point O, the Angle CEO which is equal to the 
Angle of Incidence EC D, becomes greater, and there- 
fore alſo the Angle of Reſraction H C K, or the re- 
fracted Ray HC will have a greater Incſination to the 
horizontal Line A B, and therefore alſo CF; on which 
Account tis evident the Diſtance of the apparent Place 
of the Object, viz. the Line OM, will decreaſe, and 
of Courſe the Object will ſeem to riſe in the Perpendi- 
_ cular. And when the Angle CEQ is ſo great, that 
the Ray CH is refracted parallel to the Horizon or be- 
comes coincident with A C, then C M will become 
CO, and the Object at the Bottom at E wi.l appear on 
the Surface of the Medium at O. 

3. In n 8 if the Medium be Water, we have 
C 3 whence we ſhall find O E= 2,65 


Co fore ; er in any Veſſel, whoſe Width is 200 


= 6, and Depth O E = 2755, when fill'd with Water, 
any Ob ject placed at the Bottom, when viewed in the 
Perpen icular, will appear raiſed from E to M, 2 of the 
Depth; and as the Eye recedes from the Perpendicular 
to the horizontal Line AC, the Object will appear to 
riſe from M to the Surface of the Fluid at O; all which 
may be confirmed by pouring Water into a common 
Tea-Diſh, or Baſon, and viewing the Flower, &c. 
painted at the Bottom. 

34. Hence appears the Reaſon why a ſtrait Stick, as 
NCE, when placed with one Part CE in Water, will 
always, appear crooked, vz. in the Form NCM, the 
Part CE being raiſed by Refraction into the apparent 
Situation CM; and the Part under Water will always 


appear ſhorter, for EC will be contracted into CM. 


All which | is known by common Experience, 
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Colours in Order as follows, viz. Thoſe 
which are leaſt refracted, or fall neareſt the 


35. Alfo, fince E M, the Difference between the trug 


and apparent Place of Objects, ſeen through a Medium, 


js always greater in Proportion to the Depth O E, and 
the Obliquity of the Rays refracted to the Eye, it will 


follow, that any circular Body immerſed in Water, 


in a Poſition perpendicular or inclining to the Horizon, 
will ſuffer a greater Refraction of Rays from the lower 
Parts, than from thoſe above; and conſequently the 
Jowermoſt Semicircle will put on the Appearance of a 
Semi-ellipſis ; and alſo the upper one, but not ſo much 
ſo, the Refraction being leſs than below. The Conſe- 
quence of which is, that the Circle thus viewed in the 
Medium will appear elliptical, as having its vertical Di- 


ameter ſhortened by the Refraction ; whereas the hori- 


zontal Diameter will remain of the ſame Length, be- 
ing only raiſed apparently above its real Situation, 
whence the Reaſon of the Figure of the þor1z:ntal Sun 
and Moon above-mentioned, | 5 

36. From what has been ſaid, tis eaſy to underſtand, 
that when the Ray E C in the Medium is refracted into 
the Air nearly parallel or coineident with the Horizon 
AC, in which Caſe (if the Medium be Water) the 
Line CE = A C being Radius, we have the following 


Analogy ; As 4 is to 1 ſo is Radius AC or CE to 


the Sine of the Angle of Refraction CO or DE; which 
Angle is therefore nearly 48; I ſay, tis eaſy to under- 
ſtand, that if the Ray of Light EC fall on the Sur- 
face of the Medium with a greater Obliquity than what 


is here ſpecified, that is, ſo as to make the Angle ECD 


greater than 489, the Ray will be wholly reflected back 


the Air at either Surface of the Medium. 


of Incidence and Refraction in that Caſe are as 11 to 


again to the lower Surface, and none will (go out into 


37: Again, if the Medium be Glaſs, fince' the Sines 


17, the Angle ECD will be about 41% when the re- 


fracted Ray CH becomes coincident with the horizon- 


tal Line AC; and therefore when the Angle is greater, 


a 
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red Part of the Spectrum at R; the next 
are the Orange at O, the Yell at V, the 
Green at G, the Blue at B, the Indigo at I, 
and the Violet at V: And theſe Seven are 


others are compounded, in the common 


Bodies. (CXVIII.) 


che Light will be wholly reflected from one Surface of 
the Glaſs to the other; and never let out into the Air; 
whence it follows, that though the Particles of Matter 
in Bodies be in themſelves tranſparent, yet if they are 
ſo diſpoſed one among another as to reflect the Light 
very obliquely, 'tis plain, the Light in ſuch a caſe will 
be loſt by various Reflections within the Bady, and 
thus prove a Cauſe of the Body's Opacity. 


Light are of different Degrees of Magnitude ; for if 
any Power act upon a Body, ſo as to give it a particu- 
Jar Determination or Direction of Motion, that Deter- 
mination or Direction of the Body's Motion will always 


Quantity of Matter remain the ſame, and will be Ya- 
tiable in Proportion as either of theſe is ſo. 
2. But the refractiog Power of the Medium will be 


always the ſame while it is homogeneous or all of __ 


Sort of Matter, therefore when a Ray of Light 
 through-a-Subſtance of Water, Glaſs, Cryſtal, &c. — 
a different Direction of Motion is thereby communicated 
to different Parts of the Ray, it follows, that the Particles 
which conſtitute thoſe Rays, which have a different Di- 
teciion, muſt be n ene 3 in Quantity 


Sixcx 


% 


Perpendicular PE, are Red, and make the 


all the original ſimple Colours in Nature A 
and of which, by various Mixtures, all 


Refractions and Reflections from natural I 


(CXVIII.) 1. This different Refrangibility of the | 
Sun's Light proceeds from hence, that the Particles of 


[1 
r . OE IE 
a — - — — — — - 
w- — - 
K Jn * q 


be the ſame, while the Energy of the Power and the 


N 


DF" LreuT W Gba 


Til RI 4 Lens does, in the manner of a 


Priſin, more or leſs ſeparate the Rays of 


— 


of 133 and | chinſehucurly, in Bulk and ſince the 


Quantity of Motion is in the Ratio of the Bulk aud 


Velocity, (in this Caſe) *tis plain, the greater the Ve- 


locity is, the leſs will be the Bulk; and therefore thoſe 
Rays of Light which ſuffer the greateſt Refraction are 


Ieſs in Bulk or Magnitude than others which are not ſo 
much refracted, the greater Particles being not ſo much 


ſubject to the Power of the Glaſs ; as a large Needle is 


RW, ſo eaſily moved by a Loadſtone, nor at ſo great a 


8 Diſtance. 


A 


bang Thus thoſe: Baya whos particles are nn. 

will deviate leaſt from the Perpendicular, and will there- 
f re go to R, and mäke the loweſt Part of the colour'd 
Cpect/ um, and theſe will appear of a Red Colour. The 
Particles next leſs in Magnitude will be ſome what more 


- 3. This being the Caſe, *tis eaſy to be underſtood, 


that when a Beam of Light, as H F, is let into a dark 
Room, through a Hole in the Window-Shutter, and is 
made to fall on a Priſm AC B at F, it will be attracted 


by the Surface of the Glaſs at F in a perpendicular Di- 


:rection, and cauſe the ſeveral Particles to deviate from 


their right-Jined Courſe to T, (which they before had) 


and decline towards the Perpendicular ab, that is, to- 
wards the Parts F a within the Glaſs ;. which Deviation 
or Refraction will be greater in Proportion as the Par- 


ticles of Light are ſmaller. 
14. Hence the ſeveral Particles of Li ght will proceed 


from the Side A C to the Side D C in „a Direc- 


tions; where, when they arrive, and go out again in- 
to the Air, they will be again affected by the ſame at- 
tracting Power of the Glaſs, which will here produce 
the ſame Effect as before, that is, it will cauſe each 
Sort of Ray to incline towards the Side of the Glaſs, 
and conſequently to be refracted from the D Perpend they 


r had in the n. and from the ndicular 


refracted, 20 will go to O, and be of an Orange Co- 


Light 
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Light paſſing through it, it follows, that 
all the ſeveral Sorts of Rays will have. 


hur; the next Size leſs will be till more refracted, 
and appear Teſlotuo at Y, and thus the Refraction will 
proceed in the Creen at G, the Blue at B, the Indigo 
at I, and the Violet-coltured Rays at V; which as they 
are moſt refracted, are thereby proved to be the leatt 
of all in Magnitude. | 
6. I ſhall now proceed to * ſince the Sun's 
Light i is variouſly. refrangible, what the particular De- 
gree of Refraction is which every Species of Rays un- 
dergoes, and the Sines of thoſe Angles reſpectively. In 
order to this it muſt be conſidered, that the Sine of In- 
cidence is the ſame in all; and that when the Inci- 

_ dence is ſuch as that the Ray F K, upon the firſt Re- plate 
fraction, ſhall paſs in the Direction parallel to the upper X XXVI. 
Side of the Priſm G H, the Refractions made at each x Fig. 9. 

Side of the Priſm are equal, and equal to the reſracting 

Angle of the Priſm G D H; all which is evident from | 
what was demonſtrated in ner. CX VI. | 1 

7. Alſo it is known by Experience, that when the | : | 
Priſm A B C is held with its Axis perpendicular to the 
Sun-Beam, and then turned round upon its Axis, the 
Image or coloured: Spectrum will firſt deſcend to a cer- 

rain Limit, where it will become ſtationary, and then 
aſcend to the ſame Place as at firſt z whence it appears 
plain, that ſince the Altitude of the Image above the 
Place where the Sun-Beam would fall, were the Priſm 
away, is owing to the Sum of the Refractions made at 
each Side of the Priſm, while the Image deſcends the 
Sum of theſe Refractions decreaſe, and when the r 

aſcends the ſaid Sum muſt increaſe. 

" Conſequently, ſince the Image ſalls twice up nah 

ſame Place in one Rotation of the Priſm, there are t 

Poſitions of the Priſm wherein the Sum of the Refract. 

tions at its Sides are equal; and-thele happen when the 
Angles of the incident Beam, HDL and ODL are pi 
ſuch as will cauſe the refracted Parts D G and D F to 8.9. 
be n inclined to the Sides of the Priſm, but con- 


their 


— —— GW — — — s 
* "SY , 
5 % 


| 
[ 
| 
| | 


their proper Ficus's,' or be convened to fo 


 tinually approximating to the Situation DE; where 
when it arrives, the Angles at D and E being then 


Was in its Limit, op ſtationary, he obſerved with a Qua- 


that is, of one that went to the Middle of the colour'd 
Image at P; and by adding this to the Angle RM N 
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many different Points in the Axis of the 


trary Ways; that is, ſo as to make the Angle DGB 
= BDF, and GDB DF B, and therefore the 
Triangles D BG and D B F equi- angular. For in the 
Poſition of the Ray HDG the Refractions at the 
Angles D-and G are reſpectively equal to the Angles 
E and D in the other Situation of the Ray ODE; 
and therefore the Sum of the Refractions on each Side 
in each Caſe muſt be equal, and cauſe the Image to ap- 
pear twice in the ſame Place.  _ £7. $57 994 
9. While the unequal Refractions at each Side the 
Priſm, at D and G, or D and F, are approaching to- 
wards Equality, the refracted Ray DG or DF is con- 


equal, the Refractions at each Side will be equal alſo, 
and the Image in that Caſe be brought to its Limit or 
loweſt Site. Then RD will be the incident Ray, and 
E the emergent one. FO DST LAHORE 15 
10. Produce RD and EP till they interſect each at 
I. and any horizontal Line in M and N; then let the 
Angle RM N be the Altitude of the Sun, and PN M 
that of the Spectrum at P; which Angles are eaſily 
meaſured with a Quadrant. Their Sum is equal to the 
external Angle PIM, which is again equal to the two 
internal Angles of Reſraction DQ and IEQ; and; by 
what has been now ſhewn, IDQ=IEQ=QDK ; where - 
fore QDE = DBK=; NTM. Hence N M 
+IDQ=IDE or RD L, the Angle of Incidence. 
11. We ſhall give Sir Iſaac Newton's Example in this 
Affair. The refracting Angle of his Priſm was ABC 
= 62 30', the Half of which is 31 157 whoſe Sine 
is 5188, the Radius being 10000. When the Spreirum 


drant the Angle PN M of a mean refrangible Ray EP, 


of the Sun's Altitude taken at the ſame Time, he ob- 
. | Leng, 
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| Of Liehr and Cotouns - 417 
Lens, and not all to one Point only, as is 
neceſſary for a perfect and uniform Repre- 

{tained the Angle PI M to be 44* 40“; whoſe Half 226 

200 added to Half the Angle of Refraction 31 15", * 
makes the Angle of Incidence RDL = 53 35', whoſe 

| Sine is 8047. The Sine of Incidence, therefore, is to 

the Sine of Refraction of a mean refrangible Ray, at 

| that of yellow Light, as 8047 to 5188, Which is as 
31 to 20. (See the Table, Annot. CXVII. 4 oo 
12. If there were but one Sort of Light, it then 

| would be equally refracted, and the Image of the Sun 

| would not then be long, but round; and if the Rays 

| were firſt received by a Convex Lens, they would all 

| paſs to its Focus, and there repreſent the Sun's Image 

very diſtinctly in a circular Spot, which Image would 

| ſubtend the ſame Angle at the Lens as the Sun itſelf does, 

or half a Degree, at a Mean. All this will be demon- 

| ſtrated hereafter. Werker 2 

13. If theſe Rays, after having paſs'd through the 

| Lens, were received by a Priſm, fince the Sum of Re- 
fractions at the Sides of the Priſm are equal, (as we 

have ſhewn they are when the Image is ſtationary, Art. 

| 8.) the Rays will have the ſame {inclination to each 

other after Refraction through the Priſm as before; 

| whence the Angle is not changed, but gives the Image 

of the Sun ſtill equal to 30%. But to illuſtrate this, let 

| MN be the Section of the Window-Shutter in a dark plate 

| Room, in which, through a Hole O, a Pencil of Rays ,4xyxx. 
K OL is tranſmitted to the Lens K L; which would Fig. 1. 
converge them to a Focus at H, were they not inter- 
| cepted by the Interpoſition of the Priſm ABC, by 
Which means they are refracied to J. And ſince the 
* Sum of the Refractions at E and D is equal to that at 
F and G, the Angle FIG will be equal to the Angle 
FHG; and if the Sun were but a Point, its Image at 
H and I would be a Point alfo. wee; 

134. But fince the Sun has the apparent Magnitude of Wh 
230%, let the Angle M QN be the Angle under which ä 
the Sun appears; that is, let M Q be a Ray coming 


ſentation 


Ri 


9 


half a Degree. 
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the Center of the Lens K L, at 


an Angle of 
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ſentation of the Image of any Object: For 
the Red Rays proceeding” from the Object 


from the upper Limb of the Sun, and NQ another 
from the lower Limb. Theſe crofling each other in 
make the Angle 
DQE=MQN; nor is this Angle altered by the 
Refractions through the Priſm, as being equal on each 
Side; therefore the Image at I will be ſubtended under 
30 Minutes „ ne 
15. And ſince this will be the Caſe of every Sort of 
Rays contained in the Sun's Light, if that which we 


PY 


have been eee be a mean refrangible Ray, then 


the leaſt refrangible Rays will form an Image in like 
manner at R, the moſt refrangible Rays another at P, 
and the intermediate Rays their ſeveral Images reſpec- 
tively. So that the coloured Spectrum P R conſiſts of 
as many circular Areas as there are different Sorts of 
Rays; and is every where of an equal Breadth, vis. 


16. Now tis evident, that if the Sun be ſuppoſed a 
Point, each of thoſe Circles, being the Images of the 
Sun and ſimilar to it, muſt alſo be contracted into x 


Point, and fo the coloured Sperum PI R would in that 
Caſe have no Breadth ; and its Length would decreaſe - 


at each End by the Semidiameter of the Circle P and R, 
and therefore would ſubtend an Angle of 300 leſs than it 


now does. 


ate 


XXXVI. 


Fig. 10. 


17. In order to determine the Angles of Refraction 
of the leaſt and moſt refrangible Rays, we muſt firſt 
determine the Angle PIR, which the Image PR 
ſubtends at the Diſtance it is formed from the Priſm 
ABC. The Sun being ſuppoſed a Point, let S D be 
the Incident Ray, which continue out to V; and let 
LD K be perpendicular to the Side A B in the Point of 
Incidence D. The Ray SD at its firſt Refraction is 


diffuſed through the Space G D F within the Priſm; 
DG is the leaſt refrangible Ray, DF the greateſt, and 
DE (paraliel to A C) the mean refrangible Ry: The 


Sine of the Angle of mean Refraction E D K to that 


I 


3 e will 


—— 1 © enn 
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will be converged to a Focus at a greater 


Diſtance from the Lens, than the Indigo 


of Incidence I D K has been already ſhewn to be as 
5188 to 8047, or as 20 to 31 
18. We are now to find the Quantity of the Anda 


GDK and FDK. Since each Ray will ſuffer the 


ſame Degree of Refraction at the fecond Surface as at 
the firſt very nearly ; let the refracted Rays FP, E T, 


G R, be produced, and they will interſect each other 


in the Point I, making IF, IE, IG ſeverally 
nearly equal to D I, and therefore the Angles 1 K 82 5 
IDF, and IGD=1 DG; therefore PLV=2F DV, 
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and RIV=2 GD V. Hence PIV —RIV=PIR © 


=2FDV—2GDV; conſequently, ; PT Ras FD V 
—GDV=FDG. 
19. The Angle PIR is diſcovered by 9 the 


Length of the Image P R, and its Diſtance from the 


Priſm AB C. This Sir {fac Newton has done with 
great Exactneſs. T he refracting Angle of his Priſm 


was AB C 62 30, the Diſtance of the Spedlrum 


18: Feet, the Length 93 or 10 Inches, the Breadth 25 
Inches. This ſubducted from the Length leaves 73 
for the Length of the Image were the Sun but a Point, 
and therefore ſubtends the "Angle which the moſt and 


leaſt refrangible Rays P F and R G do contain with one 


another after their Emergence from the Priſm. 

20. But at the Diſtance of 18,5 Feet, the Length 
7; Inches is the Chord of an Arch equal to 2 ofin == 
PIR; therefore: PIR =FDG=1?* © 34”; whence 
El) (xz FDG) 20 30 D But the 
Angle EDK = DBK = 310 15. 0“. Wherefore 
ED K EDG 31 45 2“ 2 D K, the Angle 
of Refrattion of the ſeaſt refrangible Rays; and EDE 


EDF = 302 44' 58” = E DE, the Angle of Re- 


fraction of the moſt refrangible Rays. 
21. The natural Sine of 31? 45' 2 is 5262, (on far 


Table, Annot. XLVI.) allo the dine of 30 44 58 is 


5112, The common Sine of Incidence being ID K 
or SDL = 53 35% and Sine 8047 ; this compared 


Ol 
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or Violet Rays; and ſo the Image will be 


coloured and confuſed in every Point be- 


with the Sines of Refraction of the moſt, mean, and 
leaſt Ar Rays will ſtand as follows. 88 
| The moſt refrangible Rays FD, 
as 8047 to 5112. 


- The Sine of Weine The mean refrangible Rays Eb, 


s to the Sine of ] as 8047 to 5188. 
The leaſt refrangible Rays GD, 
as 8047 to 5262. 

22. I have hitherto conſidered the Refraction made 
out of Air into Glaſs, 'after the common Way. But 
as Sir aac Newton has proceeded in a contrary Me- 
thod, and ftated the Proportions of the Sines of Re- 
fraction (as they are out of Glaſs into Air) to the com- 


mon Sine of Incidence in Glaſs, I ſhall for the future 


follow his Steps; and therefore ſuppoſing a Beam of 
common Light within the Priſm, as D E, ſhall conſi- 


der its Refraction into the Air at the Side BC in the 


Point E. - The common Sine of the Angle of Incidence 
KEDorlEL, = 312 15 was found to be 5188; 


and the Angle PE R, = 1” &' 33”, the ſame as before. 


Alſo the Angle of the mean refrangible Rays T EL 
being 53 35', we have the Angle of the leaſt re- 


frangible Rays RE L= 53 4 58”, and the Angle of 


the moſt cefrangible Rays PEL = 54” 5 2“. "The 


Sines of theſe Angles are 7995 and 8099; the Sine of 


Incidence, therefore, and of Refraction into Air, in the 
leaſt and moſt refrangible Rays, are in the leaſt round 
a as 50 to 77 and 78. 

Now if you ſubduct the common Sine of Inci- 


Since 50 from the Sines of Refraction 77 and 78, the 


Remainders 27 and 28 ſhew, that in ſmall Refractions, 
the Refractions of the leaſt reſrangible Rays is to that 
of the moſt refrangible as 27 to 28 very nearly; and 


that the Difference of the Refractions of the leaſt and 


molt refrangible Rays is about the 274 Part of the Re- 


fraction of the mean refrangibic Rays. 
tween 
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e tween thoſe Extremes, except juſt in the 
| middle Point, where the ſeveral Sorts of 


Ne 24. Now in order to determne the Refrangibility of the 
| ſeveral intermediate R ays of Light, Sir//aac took the follow- 
), ing Method, He cauſed the Spectrumto be well defined, 
and delineated upon Paper its Perimeter, as FAPGMT 
„ this he held in ſuch a Manner, that the Spectrum might 
fall upon and exactly agree with the delineated Figure; 
, this done, an Aſſiſtant drew the Lines a b., cd, , &c. plate 
acroſs the Figure very nicely upon. the Confines of the Xxxvii. 
le ſeveral Colours, that is, of the Red Ma F, of the Fig. 3 
it Orange ab d, of the Yellow c:4ef, and fo of the | 
. reſt; which Operation being divers times repeated, he 
. found the Obſervations agreed very well, and that the 
Dieveiſions made by the Croſs Lines were thoſe of a Au- 
Y ſical Chard. | | ; | 1 2 „„ 
f 25. That is, if G M be produced to X, fo that it 
z be GM = MX. then the Line X M= X G will be 
e the OZave. The Line a X: X G:: 9: 15; therefore 
e a X will be the Leſer Seventh. The Line cX vill be: 
: of X G, and therefore the Sixth Greatrr, e X will be 
I > of X G, which is the Fifth, g X is g of XG, a 
L ourth, i X is 3 of XG, a Third Lifſer. IX is 3 of 
- X G, the Se. ond Greater. So nicely has Nature ob- 
f ſerved an harmonical Diſtribution, of Colours in the Solar 
K Sp-Arum, I ad dirrgaad edt ach 
f 26. If then the Difference between the Sines of 27 
e and 78 be in like manner divided, that is, as the Line 
d MG is divided, we ſhall have the Sines of Refraction 
in the ſeveral Red Rays extend from M to a, ot from 


- | 77 to-7743 thoſe of the Orange Colour from 4 to c, or 
e | from 7574 to 7733 thoſe of the Yellow from 773 at g. 


h 10 774 at ez thoſe of the Green from 77; to 31 f at g; 

t thoſe of the Blue from 77: to 7 at i; thoſe of the 

d Indigo from 77; to 775 at/; and from thence the Vi- 

d E hilt ad nem eds linac 

- 27. This Diſcovery of the Harmonic, Proportion of 
Colours in the Sun's Light has ſuggeſted the curious 
Hint or Idea of a Yiſual Muſic by means of an Ocular 
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Rays all interſect each other, and exhibit 
the Image tolerably diſtinct and colour- 

leſs. To this different Refrangibility of 
the Rays is owing the Imperfection of 
the common refractiug Teleſcope, as will 
| be but too eaſy to experiment. 
7 'Hznce allo Objects of any of the ſimple 
Colours, though contiguous to each other, 
yet, if viewed through a Priſm, appear 
ſeparated, and at a diſtance from one ano- 1 
ther: And thoſe Objects will have their 


Images formed by a Lens at very different 
Diſtances in its Axis, eſpecially in Expe- 
riments of the deepeſt Red, and Vialet, or 
Blue Colours; as à Card painted half with 
Carmine, and half with Ultramar# ne, made 
deeper with a little Indigo. (CXIX. ) 


Harpfiio, Which Mall entertain the Eye with theiSuc- 
ceflion of harmonie Colours, as the common Harpſichord 
does the Ear with muſical Sounds. Yea, ſome have 
carried this Matter ſo far, as actually to attempt the 
making of ſuch a Harpfichord, with full Aſſurance of 
being able to play Tunes to the Eyes. It were greatly 
to be wiſhed this Chromatic Muſic could be made as 
effectual to give Pleaſure to our Eyes, as common Mu- 
fic does to the Fats. We ſhould then have Harmony 
the Subject of two of our Senſes: And who: can tell 
but we may have muſical Eyes, as: well as eee 
could they be exerciſed” by prop per Objects? Nay; who 
ban tell —— may be the Conſequence of this Diſcovery 
in re gard of our other Senſes in the Ages to Tome ? 
They who would be farther amuſed with this chime- 
ical Sudject may 'conſult'Yoltair,'s * and 2 
r garmti on Light and OY: 


ana Al «at rt 2 — _—— . 1 1 nnn 


Een „ wks fits wo. 6 web 6s 


3 3 2 


Sir 


\ 


of Liour and 3 . 


Sir Jaac Neuron found, by a very curious 
and convincing Experiment, that the Rays 


(EXIX.) . Let DE K I be a double Convex Lens, Plate 
N its Center, and ND the Radius of Convexity at D; 3 XXXVII; 
F V its Axis, and H E a Beam of the Sun! s Light inci- Fig. 4. 
dent on the Lens parallel to its Axis in the Point F. 
Let A B C. be a Priſm touching the Lens in the Points 
E and D, and it is evident the Law and Manner of Re- 
fraction of the Beam at E will be the ſame, whether 
we conſider it as made through the ſolid Glaſs Priſm 
ABC, or through. the Lens DE K, becauſe the Point | 
of Incidence E is the ſame in or common to them both. | 
2. The Beam being refracted at D, it is plain the 
Refrac ion will be there alſo made into the Air in che 
ſame Manner from the Lens as from the Priſm, ſuppoſ · 
ing them to touch in the Point D. Let ND be con- 
tinued to L, then will LD (be perpendicular to the 
Lens in D; and the RefraQion being made into the 
Air, (a rarer Medium) the refracted Rays will tend to- 
wards the Axis, and meet it ſonner or later as they are 
more or leſs refrangible, Thus the moſt refraygible 
Rays DW will cut the Axis in G, the leaſt refrahg ible | 1 
Rays D T in Q, and the mean refrangible Rays in 05 'F | 
and the others in the intermediate Space between O and 


G, and O and Q. The ſame is to be underſtood x of 
the Beam I K on the other Side the Axis. 


7 g % 


- 3. Hence we ſee, that in the Axis of the Lens the 

f _ Images, of an Obj ect will be formed in ſeveral Parts 

7 from G to Q 57 which means the Object will appear 

$ Red at G, Vidlet-calour'd at Q, and of other; Hues in 

the Parts between. Nor are we to un erſtand that 

y ſeven Images only are formed b the ſeven Sorts of 

l Rays; but each particular S0 Tf of Yau ion 

ſy the Intenſity of the Ca. © m the ſt ſtrongeſt Che 
fainteſt Part, conſiſts of an ee N. b 

rently refrangible Rays, each of h will ion — 
Image of the Object in its 5 15 5 Ay there- 

fore we may conceive as many 


h | Space from'G to oQ, as there are 1 in t ache Tit 8 
| * 2 : 
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of Light were as variouſly reflexible as re- 
frangible; and that thoſe which were moſt 


/ Licur and Colouks. 


4. The Object ſeen by ſuch a Refraction of Rays, 


in ſuch an Infiaity of Images, muſt neceſlarily appear 
very indiſtinct, confuſed, coloured, and obſcure ; and the 


. Object-Glaſs of every common Dioptric Teleſcope be- 

ing of this Sort, is the Occaſion why they will not bear 
an Eye Glaſs of ſo deep a Charge, or ſo ſhort a focal 
Diſtance as is requiſite for great Degrees of magnifying. 
This put Sir Iſaac upon inventing another Sort of Tele- 
ſcope by Reflection, of which we ſhall ſpeak largely 
| hereafter. 8 5 


5. Suppoſe D E parallel to the Axis of the Lens, 


and produced to Z; then is Z DLS E D N the Angle 
of Incidence, and PDL, ODL, M DL, the Angles 
of Refraction in the leaſt, mean, and moſt refrangible 
Rays; and conſequently the Apgles Z DP, Z DPO, 
and Z DM will ſhew the Quantity of Deviation or 
reſpective Refraction of thoſe Rays from the firſt Direc- 
tion EZ. Whence ZP: ZM :: 27: 28; and Z P: 


ZO u 27271. Alſo PM I 2 O, the whole 


Refraction of the mean refrangible Rays. 


'6. But the Angle ZDP=DQX, and ZDO= 


0K, and 2 ZDM=DG X. No the Sincs of ihe 


ſocal Diſtance QX or OX. Let I, L, G, be as the 


Angles D QX, and DO X or DO Q, are as their 


oppoſite Sides O D and QD, that is, nearly as X O 
and X Q. For the ſame Reaſon the Sines of the Angles 
DOX and DG X are nearly as GX and O X. Where 
fore Z P, Z O, Z M, are as GX, OX, and QX; 
whence PM: Z M:: Q: QR; therefore GQ = 
2 QX. But QO is nearly equal to O G, when CX 
is very great; and QO: QX :: PM: DT: : 1: 5%, 
becauſe QX=28GQ, or 500. 


7. Or thus more accurately, without regard to the 


Sines of Incidence, and of the leaſt and greateſt Refrac- 


tion, or as the Numbers 50, 77, 78; (See Anne tat. 


Or 


JJ ˙ ˙—trt . ets td: a a. not 


RY” «=» 
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or leaſt refrangible were alſo moſt or leaſt 
reflexible: And farther, that Rays of Light 


CXVII. 22.) then will ZP = L -I, ZM SGI, 

and PM=G—L; whence PM: Z P:: G- L: 
L —1I; and doubling the Conſequents, we have PM: 
2ZP(= DY—PM):G—L:2L—21I. Then 
conjointly, PM:DY : G—-L:G+L—zT: 78 
—77:78 +77 —100:1: 55; or PMS N DT, 
the Aperture of the Glaſs. 


\ 


8. From hence it appears, that the Ratio between 
PM and DV is conſtant, or always the ſame, what- 
ever be the focal Diſtance of the Lens. It is alſo very 
evident, that PM is the Diameter of a Circle, in which 
will be a Mixture of every Sort of Rays, from the leaſt 
to the moſt refrangible. This Circle therefore is that 
in which the Light is white, or not tinctured with the 
Colour of any particular Sort of Rays; for the Rays 
being here promiſcuouſly thrown together, the Light 
compounded of them muſt be nearly the ſame with that 
of the Beam before Refraction. Fo: 

9. By the ſame Rule we may find the Diameter of 
the lea't Circle that receives the Rays of any ſingle Co- 
lour, or of any contiguous Colours. Thus all the I- 
law is contained in a Circle whoſe Diameter is a 409th 
Part of the Breadth of the Aperture of the Glaſs, (which 
we ſuppoſe a Plano-Cimvex, becauſe of DE parallel to 
the Axis) for in this Caſe G = 77, L=77!, and 
] = 50. (See Arnot. CXV:I. 26.) Whence by the 
Analogy we have PM:DY :: G—L: G+L— 
2T :: o, 133: 54,533 : 1: 409. Thus for two con- 
tiguous Colours, the Orange and Yell:w ; the Sines on 
each Side being 771, 771, give the Diameter of the 
Circle in which both theſe coloured Rays are contain'd, 
a 200th Part of DV. „ St 2 

10. From hence it is plain, that when the Sun's Rays 
are received upon a large and very convex Lens, the 
conic Superhicies of the converging Rays DP MY will 
conſiſt of the the Red-colour'd Rays; and if received 


on a white Paper, held perpendicular to the Axis, the 
* 1 


4 


+a Za 
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ſolid Parts or Corpuſcles of Bodies, and b 


Plate 
xXxxvII. 
Fig. Zo 


| * is, the Red at K will be 11 Inch beyond the Blue 
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were not reflected by impinging on the 


Circuniference of the circular Section or Area will be 


remarkably tinged with a reddiſh Colour Ong to i 
Qrange, by the leaſt refrangible Rays DP and Y M. = 
On the contrary, the diverging Rays will, in the conic ſe 

Surface RPM W, have all the Violet and Indigo Rays, 1 3 
NP R and DM W, and will therefore exhibit ſuch a 8. 
colour'd Circle about the Light received on the Paper . 
held any where in that Cone of Rays. 75 ts * 
11. Since G is the Focus of Violet Rays, that is the " 
Place where any Body of à Violet Colour will be ſeen, P 
diftinctly, becauſe the Rays of that Kind, paſſing from A 
that Point to the Lens, will after Refraction paſs paral- T 


le} to the Eye; which is a Condition abſolutely neceſ- 4 
ſary to diſtinct Vifion, as will appear hereafter. For 0 
the ſame Reaſon Q will be the Focus or Place where 7 
Objects of a red Colour will be moſt diſtinctly feen, 3 
Whence-it appears, that in viewing Objects through 
Glaſſes (as Spec les for Inſtance) the Diſtance of the 
Glaſs ſrom the Object will be variable according to its 
„ : oo 7 2575955) 5 

12. Hence a .various-colour'd Object AB EF will 
have its Image formed in Parts by the Lens HI. Thus 
ſuppoſe ABCD be a Red Part, and D CEF a deep 
Elue; if this Object be well illumined, and black 
Threads or Silks laid acroſs thoſe Colours, they will 


appear diſtinctly in their reſpective Focus's, viz. the red 


Part 4 BCD. will have its Image diſtinctly formed at 


: 


K, aud the blue Part at L; the former will be repre- 


ſented by a bc, the latter by dee; and theſe Images 
will be at very different Diſtances from the Lens. Thus 
if the Lens HI be of 3 Feet focal Diſtance, and the 


Object be placed at the Liſtance of 6 Feet from it, the 


Images on the other Side, at the Diſtance of 6 Feet, 
will be formed: one Ineh and à half from each other; 


kebdunding 
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rebounding from' thence like a Tennis- Bail 
but from ſome other Principle depending 


EY 


13. Another Conſequence of this different Refran- | 
eibility of the Rays of Light is, that if two Objects 197 
of different Colours, as Red and Blue, be view'd-thro? 8 
a Priſm, they will be refracted to different Heights; 
and though ſthey were contiguous before, or Parts of 
one and tbe ſame Object, yet will they appear ſeparate, or 
as two diſtin ond diſtant Objects. Thus ſuppoſe DH EI Plate 

- be an Object whoſe Part D. G is intenſely blue, and the Xx XVII. 
other Part F E intenſely red; if this be viewed by a Fig. 6. 

Priſm BAC bac, with the refracting Angle or Edge 
A a upwards and parallel to the Horizon and the Sides 
DI and HE of the Object, the Image of this Object 
will appear at d e, with the blue Part d'g refracted Higher 
than the red fe. On the contrary, if the refracting 
Angle of the Priſm be turned downwards, the Image 

will be refracted downwards to de, the blue Part lower 
to d g, and the red higher at e. 3 

14. We alſo ſee the Reaſon why Objects appear dif- 

en coloured whien the Eye is held near the Priſm, 

as at D, to view them, viz. becauſe the Rays of every 
Colour are there ſo very near together, that they can be 
all received by the Pupil of the Eye, and will therefore 
paint the Image in all its proper Colours on the Retina. 
Whereas if the Eye be removed to a greater Diſtance 
from the'Priſm, as to a, ö, c ; there, becauſe the Rays 
ſpread through ſo wide a Space, but few can enter the 
Pupil, perhaps only one particular Sort, and then the 
Object will appear of that particular Colour only ; as 
Violet. colour d at a, Green or Yellow at b, and Red at c. 

15. The Rays of the Sun's Light, once refracted, Fig. 7. 

undergo no farther Refraction by a ſecond Priſm, and of 
_ courſe exhibit no other Colours: For let an Hole be made 
at g in the Board de, on which the coloured Spectrum 
is made in the dark Room, by Rays which come thro? 
a Hole G in a Board DE placed juſt before the Priſm 
ABC; by turning the Priſm ABC lowly about its 
Axis, the Image will be made to move up and down 


"Y 4 ” 
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on the Size of the Particles of Light, and 
the Thickneſs. or Denſity of the Particles 


of the Body reflecting it, which are all 
of them, in the moſt opake Bodies, tranſ- 


parent in themſelves, as is eaſy to be ſhewn 
in the thin Lamellæ or Plates, of which an 


Oyſter-Shell doth conſiſt. _ e IE 
I.,r will be thought very ſtrange to aſſert, 
that a rare Medium is more impervious to 


the Rays of Light chan a denſer one; and 


yet nothing is more certain, or eafier proved 


by Experiment : For Example, a Beam of 
Light is much more copiouſly reflected from 


on the Board 4 e, by which means each colour'd Ra 
wil paſs ſingly through the Hole g ſucceſſively; and if 


' theſe Rays be refracted a ſecond time through the Priſm 
'ab e pleced juſt behind the Hole g, they will go from 
thence to the oppoſite Wall at M or N, and there ap- 
pear juſt as before in their Proper ſimple Colour ; the 


Blue will appear Blze, the Red will be ſtill Rea, and 
the Violet the ſame Violet as before. 5 . 
15. But though the Rays are not any farther reſran- 


4 


ys which were leaſt and moſt refrangible by the firſt 
Priſm are likewiſe fo by the ſecond; for the Boards DE 


& le by the ſecond Priſm 4 bc, yet it appears that thoſe 
Ra 


and de being fixed, cauſe the Incidence of Light an 


the ſecond Priſm to be always the ſame; Yet by moy; 


ing the firſt Priſm A B © about its Axis, the Red Light 


would go by a ſecond Refraction to M, but the Volt 
Light would go higher to N. Which plainly and un- 


deniably fhews that ſome Sort of Rays will always be 


more refracted, and are therefore more refrangible than 


others. And hence this deciſive Experiment has gain d 
the Title of Experimentum Crucis. : | 


8 the 
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the ſecond Surface of a Piece of Glaſs ” 8 | 
when contiguous to the Air, than when 

1 touches Vater; and ſtill more, if con- 
tiguous to Water, than when it'is conti- 
guous to Glaſs ; in which Caſe the Rays 
are totally tranſmitted. 

Hexcs, wonderful as it may ſeem, tis 
neceſſary; in order that a Body may be 
tranſparent, that its Subſtance mould be 
very denſe, and its Pores very ſmall; and 
that Opacity reſults chiefly from the Large- 
neſs of the Pores of a Body, occaſioned by 
its Particles touching in but very few Points: 
Becauſe, if the Pores of ſuch a Body be 
fill'd with a Subſtance nearly of the = | 
Denſity, it becomes in ſome Degree tranſ- 
parent, as Paper wetted with Water or Oil: 
And on the contrary, Water blown up inte 
ſmall Bubbles has its Denſity diminiſhed, 
and its Poroſity increaſed, and thus be- 

comes 8 (NA) 5 ; 


| ( xx. ) 1. The Came great Author of the Docuine | 
of the different Refrangibility of the Sun's Rays, (as 
delivered in the laſt vnn tation) found alſo by other 
Experiments, that they were in the ſame Manner 4 fe- 
rently reflexible; or that thoſe Rays which were leaſt 
and moſt refrangible were alſo Jeaft and moſt reflexible. 
This he proved in the following Manner. 
2. From a Hole F in the Window-Shutter E 8. a Plate 
Beam of the Sun's Light F M paſs'd to the Baſe B C xxxviIt. 
of a Priſm ABC, whoſe. Angles B and C were equal Fig, 8. 


3 


Te the Object-Glaſs of a large Teleſcops 


MGH, of which MG was the leaſt refrangib 
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be laid with its convex Surface ow a plain 


and half right ones, and the Angle A a right one. The 
Light was firſt refracted at M into e Beam 
e'P 
and M H that which was moſt ſo. M N is: the Light 
reflected from the Baſe through the other Side to a ſe- 
cond Priſm VXY, by which the reflected Beam is 
refrafted to t and p;; Nt being, the leſs, and N p the 
more refracted Pos JV 
3. When the firſt Priſm AB C iy turned about” ith 


Axis according to the Order of the Letters A BC, the 


Rays M H emerge more and more obliquely out of * 
Priſm, till at length they become refleaed to Wards N. 


And it was evidently obſerved, that as the Priſm! ABC 
was lowly moved about its Axis, all the Rays from 


MH to M & became ſucceſſively reflected towards N. 
4. The Conſequence of this was, that the Violet 


Colour p received an Addition to its Strength and Brighe- 


neſs upon the firſt Reflection of the Rays M H, beyond 
any of the other Colours towards ?; but as the Priſm 
A 


ABC continued its Motion, arid the other Ray be- 
tween H and G became reflected, ſo the other Colours 


from p to t became more intenſe and vivid, one after 
5 by the new Aeceſh of Light to the Beam 

5. In this Experiment no Notice has heen taken of 
any Refraction made at the Sides of the: firſt Priſm 
ABC, becauſe the Experiment was made in ſuch 
Circumſtances that the Beam FM enters it perpendi- 
cularly at the firſt Side A C, and 3 out fo at the ſo- 


"cond AB; and therefore can ſuffer no Refraction, or 
ſo little that the Angles of Incidence at the Baſe are not 
ſenſibly altered by it. In order to this, the Angle FMC 


ſhould be about 45 Degrees; and then a ſmall Motion 
of the Priſm, to make the Angle FMC = 499, will 


caaſe the Beam F M to begin its Refraction. Or if the 
Angles B and C were each of them 41%, the Sun- Beam 
F M making an Angle FM C = 4% will begin 


Glaſs, — 


g. A US Ser S groe  >=7 


= 5 


CE 2 92 


enges r 


* 


* 


Of Liens and Colours, 


| labs, the Light falling on the thin Por- 


tion or Plate of Air contained between: 


to be reflected at the ſame Time that it contains a Right 
Angle with the Side A C (by Annot. CXVH. 37.) 
6. The Reaſon of the different Reflexibility of the 
Rays of Light is the fame as was before aſſigned for 
their different Refrangibility, viz. the different Sizes or 
Magnitudes of the ſeveral Rays; for when the refracted. 
Beam M G H approaches very near the Baſe of the 
Priſm! B C, the attracting Power of the faid Baſe will: 


ſooner affect the Particles of a leſſer Size than thoſe of 


a larger, even though they were at an equal Diſtance 


from it; and therefore the moſt refrangible Rays M H 


will be firſt within the reflexive Power of the Surface 
B C, on account of the greater Tenuity of its Particles, 


as well as on account of its greater Proximity than the : 


other Rays MG; on both which Accounts therefore 
the Ray H M will be firſt and moſt eaſily refractet. 

7. Now though in Refraction the Sine of the Angle 
of Incidence is different from the Sine of the Angle of 
Refraction, on account of a ſmaller Particle being at- 
tracted more out of its Way towards .the Perpendicular 
than a larger one, whereby a Separation of the Rays is 


produced; yet becauſe in Reſſections every Particle 


whether great or ſmall muſt neceſſarily be reflected 
under an Angle equal to that of Incidence, it follows, 
that all the Rays after Reflection will have the ſame In- 
clination to each other as before, and fo no Separation 


can be made among them, and confequently no dif- 
ferent colour d Light will be produced by a total Reflec⸗- 


tion of tlie Sun's Rayos. N + 4 5 
8. What has been ſaid of the Manner in which Light 

is reflected is in the groſs only, and true but in part; 
for though in Reflections the Angle of Incidence be ever 
equal to the Angle of Reflection, yet the Reflection of 
the Particles of Light is not made by their impinging 
on the ſolid or impervious Parts of Bodies, as is com- 
monly believed. This our great Author proves by the 


the 


IE 


332. 


| at the Entrance of a Beam of Light into a darken'd 
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the Glaſſes will be, at ſeveral Diſtances 


from the Centre, alternately tranſmitted 


9. Vir, That in the Paſſage of Light out of Glafs 


into Air, there is a Reflection as ſtrong as in its Paſſage 
out of Air into Glaſs, or rather a little ſtronger, and 
by many Degrees ſtronger than in its Paſſage out of 


* Glaſs into Water. And it ſeems not probable that Air. 


ſhould have more ftrongly reflecting Parts than Water 
or Glaſs : But if that ſhould be ſuppoſed, it will avail 
nothing; for the Reflection is as ſtrong or ſtronger when 


the Air is drawn away from the Glaſs by an Air-Pump, 


as when it is adjacent to it. | | 
10. Secandly, If Light in its Paſſage out of Glaſs 
into Air be incident more obliquely than at an Angle of 
40 or 41 Degrees, it is wholly reflected; if leſs oblique- 
ly, it is in a great Meaſure tranſmitted. Now it is not 
to be imagined that Light at one Degree of Obliquity 
ſhould meet with Pores enough in the Air to tranſmit 
the greater Part of it, and at another Degree of Obli- 
quity ſhould meet with nothing but Parts to reflect it 
wholly ; eſpecially conſidering, that in its Paſſage out 
of Air into Glaſs, how oblique ſoever be its Incidence, 
it finds Pores enough in the Glaſs to tranſmit a great 
Dart of it. n 1 
11. If any Man ſuppoſe that it is not reflected by 
the Air, but by the outmoſt ſuperficial Parts of the 
Glaſs, there is ſtill the ſame Difficulty; beſides that 


ſuch a Suppoſition is unintelligible, and will alſo appear 


to be falſe by appl;ing Water behind fome Part of the 
Glaſs inſtead of Air: For ſo in a convenient Obliquity 
of the Rays, as of 45 or 46 Degrees, (at which they 
are all reflected where the Air is adjacent to the Glaſs) 
they ſhall be in great meaſure tranſmitted where the 
Water is adjacent to it; which argues that their Re- 
flection or Tranſmifion depends on the Conſtitution of 
the Air and Water behind the Glaſs, and not on the 

firiking of the Rays on the Parts of the Glaſs. .. 
12. Thirdly, If the Colours made by a Priſm placed 


and 


Of Lienr and Colos. 
and reflected. In the Centre of the Lens, 


Room be ſucceſſively caſt upon a ſecond Priſm placed 
at a greater Diſtance from the former, in ſuch a man- 
ner that they are all alike incident upon it, (as they will 
be when trajected through the Holes G and g in the 
two Boards mention'd in Art. 1 5. of the laſt Note) 

the ſecond Priſm may be ſo inclined to the incident Rays, 


that thoſe which are of a Blue Colour ſhall be all re- 
flected by it, and 2 thoſe of a Red Colour pretty co- 


piouſly tranſmitted. Now if the Reflection be cauſed by 
the Farts of Air or Glaſs, I would aſk why, at the ſame 
Obliquity of Incidence, the Blue ſhould wholly impinge 
on thoſe Parts ſo as to be all reflected, and yet the Rd 


find Pores enough to be in a great meaſure tranſmitted f f? 
13. Fourthly, Where two Glaſſes touch one another, 


there is no ſenſible Reflection, (as will be ſhewn Ann t. 
CXXI. 7.) yet I ſee no Reaſon why the Rays ſhould 
not impinge on the Parts of Glaſs as much when con- 
tiguous to other Glaſs, as when contiguous to Air. 
14. Fifthly, When the Top of a Water-Bubble, (as 
will be ſhewn Annat. CXXI. 24.) by the continual ſub- 
ſiding and exhaling of the Water, grows very thin, 
there is ſuch a little and almoſt inſenſible Quantity of 
Light reflected back from it, that it appears intenſely 


black ; whereas round about the black Spot, where the 


Water is thicker, the Reflection is ſo ſtrong as to make 
the Water ſeem very white. Nor is it only at the leaſt 


Thickneſs of thin Plates or Bubbles that there is no 


manifeſt Reflection, but at many other Thickneſſes con- 
tinually greater and greater. And yet in the Superficies 
of the th.n1ed Body, where it is of any one Thick- 
_ neſs, and the Rays are tranſmitted, there are as many 
Parts for them to impinge on, as where it is of any 
cther Th k eſs where the Rays are reflected. - 
15. Sinh, If Reflection were cauſed by the Parts 
ef ref ct ig Bodies, it would be impoſſible for thin 
Plates or Bubbles at one and the ſame Place to reflect the 

Rays of one Colour, and tranſmit thoſe of another, as 


mitted, 


| 
=” 2 
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where it touches the Glaſs, it will be tranſ- 
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Liehr and Colouxs. 
mitted, and ſo cauſe a dark Spot to appear: 
At a ſmall Diſtance from thence, all a- 


imagined, that at qne Place the Rays, which, for in- 
Nance, exhibit, a Blze Colour, ſhould baye the Fortune 
to daſh upon the Parts, and thoſe which exhibit a Red 


to hit upon the Pores of the Body; and then at another 


Place, where the Body is a little thicker or a little 
| thinner, that (on the contrary) the Blue ſhould hit 
pon its P ores, and the W. its Parts. 


$- 


16. Seventbl, -and laſtly, Were the Rays of Light 


teſlected by impinging on the ſolid Parts of Bodies, 

their Reflections from poliſhed Bodies could not be ſo 
| tegular as they are: For in poliſhing Glaſs with Sand, 
| Putty, or Tripoli, it is not to be imagined that thoſe 
Subſtances can, by grating and. (rettiny 


all its leaſt Particles to an accurate Poliſh, ſo that a 


© % 


their Surfaces.ſhall be truly plain or truly ſpherical, and 


even Surface. The ſmaller the Particles of thoſe Sub- 


ſtances are, the ſmallet will be the Scratches by which 


they continually fret and wear away the Glaſs until it 


be poliſhed; but be they never ſo ſmall, they can wear 
Away the Glaſs no otherwiſe than by grating and ſcratch- 
ing it, and breaking the Protuberances, and therefore 
poliſh it no otherwiſe than by bringing its Roughneſs 


a very fine Grain, ſo that the Scratches and Frettings 
. of the Surface become too ſmall to be viſible > And 
therefore if Light were reflected by impinging on the 
ſolid Parts of Glaſs, it would be ſcattered as much by 
the moſt poliſhed Glaſs as by the rougheſt. _ So then it 
remains a Problem, How Glaſs paliſted by fretting Sub- 
Aances can reflect Light ſo regularly as it dies? 12 

17. And this Problem is ſcarce otherwiſe to be ſolved 


, * 
* 


than by ſaying, . That the Ryflickion of the Ray is c fiche, 
net by a ſingle Point , the reflefling' Body, but ty ſome 


Homer of the Body which 16 evenly di ed over all its 
Surface, and by which it afts upon the Ray, without im- 
; mediate Contad?. For that the Parts of Bodies do act 


round, 


> the Glaſs, bring 
l 


— 


V Liehr aud CoLougs. 
round, the Light will be reflected in va- 


rious- colour d Rings: In the next Piſtance 


upon Light at a Diſtance, has been already obſerved, 
and may be ſeen more at large in the Third Part of 
our Author's admirable Treatiſe. of Optics. 
18. Now (continues Sir 125 ) if Light be reflected, 
not by impinging on the ſo 
ſome other Principle, it is probable that as many of its 
Rays as impinge on the ſolid Parts of Bodies are not 
reflected, but ſtifled and loſt in the Bodies; for other- 
wiſe we muſt allow two Sorts of Reflections. Should 
all the Rays be reflected which impinge on the internal 
Parts of clear Water or Cryſtal, thoſe Subſtances would 
rather have a claudy Colour than a clear Tranſpa- 
rency. 8 8 3 
| = Concerning this Power, by which Light is re- 
flected and refracted, Sir {/aac underſtands it to be of an 
attractive and repulſive Nature; for he reaſons thus: 
Since Metals diſſolved in Acids attract but a, ſmall Quan- 
tity of the Acid, their attractive Force can reach to but 
a {mall Diſtance from them. And as in Algebra, where 
Affirmative Quantities vaniſh and ceaſe, there Negative 
ones begin; ſo in Mechanics, where Attraction ceaſes, 
there a repulſive Virtue ought to take place. od} 
20. And that there is ſuch a Virtue ſeems to follom, 
(I.) From the Reflections and Inflections of 2 85 as 


„ 


10.48 ſometimes to take up. a Million of .tumes, more 


it 
2 


; 
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2. Nor is his Doctrine of the Firs F eaſy Reflect on 
n ING to be eſteemed a meer Hypotheſis 


Of 1a and sbs 


it will be tranſmitted, and in the next 10 


that reflected; and ſo on alternately to a 


conſiderable Diſtance from the central Spot, 
If we take the Diſtances as the Numbers 


e 8, 9, 10, Gc. then at 


the Diſtance o, 2, 4, 6, 8, 10, &c. the Light 


will be tranſmitted; and at the Diſtances 


1, 3, 5, 7, 9, &c. it will be reflected jn 
coloured Rings: And this alternate Diſpo- 


fition of Light to be reflected and tranſ- 


mitted, Sir Iſaac calls the Fits of eaſy Re- 
fedtion, and Fits of eaſy Ti ranſmiſſon (CXXI. 


Space than they did before in the Form of a denſe 


Body. 


21. To this repulſive Power he aſcribes the Rifle. 


tion of Ray:, and to the attractive Power the Ræraction; 
as has been before deſcribed. But how the Light is partly 
reflected and partly refracted at the Surfaces of Bodies, 
3 5 what Phenomena do thence ariſe, we ſhall ſhew 


mation. A 


in the plowing An- 
(XXI.) 1. l Persicbler l which 


Light is reflected from natural Bodies, whether it be by 

a; alive: Power before it arrives at the Surface, or 

by an undulating Virtue every where diffuſed over the 

Surface, and cauſing a Reflection by the riſing Wave, 

and a Tranſmiſſion by the ſubſiding Wave; or laſtly, 
whether the Reflection be een 


of the Parts of Bodies, or the Mediums next the re- 


by the Vibrations 


ecting or tefracting Curfaces, it will not be worth 


While here to ſpend Time in examining, ſince Bir [/aac 
© Newton has confeltd himſelf unable to determine the 


Modus agendi, which nature makes uſe of in this Affair. 
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Of Liokr and CoLovuks. 
As Light, falling upon this thin Plate 


is by a continual Alternation at exceeding ſmall Inter- 


vals through the Subſtance of various Media or Bodies; 


and the Experiments which he made were many, and 


moſt convincing Proofs of the Thing. 

3. And his Vibesions.ih the Parts of Bodies, and 
the elaſtic Medium which every where ſurrqunds them, 
ariſing from thence," is very conſonant to the Proceſs, of 
Nature, in propagating Sounds by the Undulations of 


the Air jarifing from the Vibration of the Parts of .Bo- 


dies. agitated by Percuſſion, Nature in each Caſe ſeems 
very coijſiſtent with her ſelf, and to act with a won- 
derful Uniformity, and equal Simplicity. Nor can I 
ſee any Reaſon to hope for (much leſs to promiſe) a So- 
lution of this Phænomenon from the ambigeneous Prin- 
ciple of Attraction, whoſe Action is well known to be 
always the ſame to a certain Diſtance or Limit one 
Way, and beyond that as conſtantly the reverſe ſuch a 
Circumftance little favours the Prediction of an eaſy 
and ſimple Solution. See Rwiing's Compendious Szſtem, 
Part III. pag. 167. 8 
4. I ſhall therefore proceed to give an Idea of one of 
the moſt beautiful, delicate, and importing Diſcoveries 
that was ever made; and that as nearly as may be af- 
ter the Manner, and in the Words of the Author, by 
the Experiments which he made, and his Obſervations 
and Reaſonings thereupon. LS Do 
5. The firſt Experiment he mentions is the Com- 


preſſion of two Priſms hard together, whoſe Sides were 
a little convex, by which Means they touched by a 


ſmall Part of their Surfaces, and contain'd every where 
elſe a thin Plate of Air, as it may be properly call'd, 
whoſe Thickneſs did every where gradually increaſe 


"Or I, "WF | poſed 
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7 ing to the Kveral cx of Thickneſs; 


| Of Licut and Couobns: 
poſed to be reflected or tranſmi tted, accord- 


from: FRY eder Parts; He 6bſervel the Place where 
they touched became abſolately tranſparent, as if they | 
had there been one continued Piece of Glaſs. 
6. For when the Light felt ſo obliquely on the Place 


of Air between the Priſnis as to be all reflected, it ſeem'd 


in that Place of Contact to be wholly tranfnmtted, inſo- 
much, that when locked upon, it appeared like' a plack 
or Fark Spot,; by reaſon that little or no ſenſible Light L 


was reflected —. thence, as from other Places 


5: Wi en he looked through the Priſms, chis Place of 


_ Contact ſeemed (as it were) a-Hole in the Nate of Air, 
and through this Hole Objects that were beyond might 


be ſeen dflitietly, which could not be cem through 


other Parts of the Glaſſes where the Air was interjacent. 
. By'batder Compreſſion, the Spot was dilated | . 


ing ib Wafds öf the Parts of the Glaſſes. 
8. When the Plate of Air, by arbiog ce Prin 
abtzut their cbmmen Axis; became ſo little indlined to 
the ineiqent Rays, that ſome of them began to be tranſ⸗ 


mittéed, there Joke in it many ſlender coleut'd = 
whith at firſt were ſhaped Vimo like the Conehold, 


28 in Ng. 1. and by continuing the Motion: df the 
Priſms, t eſe Arches incfeaſed and bended more and 
more about the ſaid tranſparent Spot; till — fe 
compleated into Circles or Rings encompaſling | 
afterwards, continu ally tew more and mere Wer 
9. Theſe Arches and Rings became tinged with va- 
riots Colours; as the Motion of the Priſmis wa conti- 
titted,” being at fitſt of à Violet and Blue; after wards of 


4 White, Blue, Violet; Blact, Red; Orang; Yellnog 


White, Blue, Violet, &c. After this, the colour'd Nings 
contracted, "and" became only Mick and tobi: "Fhe 
Priſms being farther moved about, the Colours all be- 
gan to emerge out of the Whiteneſs, r 
Order to e they had before. 55 

10. But to obſerve more nicely the Order of che 


Goldurd which aroſe out of the white Circles, as 


the Rays became leßs and leſs inclined to the Plate 
7 ſo 


Of Licat and Corgus, 
ſo when it falls on the Surface of natural 
Bodies, it is as variouſly reflected from the 


of Air, Sir Iſaac Newton made uſe of two Objed-Glaſſes, 
one a Plano-Convex, and the other a Double-Convex, 
of the ſame Sphericity on both Sides, of 51 Foot focal 
iſtance; and upon this he laid the plane Side of the 
other, preſſing them ſlowly together to make the Co- 
lours ſucceflively emerge in the Middle of the Circles, 
and then ſlowly lifted the upper Glaſs from the lower 
to make them ſucceſſively vaniſh again in the ſame 
ace. / ZZ 775 * 
11. Upon Compreſſion of the Glaſſes, various Co- 
lours would emerge and ſpread into concentric Circles 
or Rings of different Breadths and Tints encompaſſing 
the central Spot. Their Form, when the Glaſſes were 
moſt compreſſed, is delineated in the 2d Figure, where 


a is the central black Spot, and the Circuits of Colours 
from thence outwards as follows. 9 2 0 


* 


e Ne, Blue. In, Blue. 
* 9, Yellow. 2.9%, Green. 3.0 n, Green: 


b, Blue. 7 Violet, 4, Pur ple. 
i, Yellow. © }o, Yellow... 


£45005) rh. Red. | . 4, Red. 29 1 Red. 
I Noud „ Green. 1 Greeniſh Blue. 2 - 
mu 4125 Nod. 5” t, Red. INE. * 
voy 6. x, Greeniſh Blue. „ 5, Greeniſh Blue. 

2 x, Pale Red. 1, Reddiſh White. 


12. To determine the Thickneſs of the Plate of Air, 
whete-each of the Colours was produced, he meaſured 
the Diameter of the. firſt ſix Rings at the moſt lucid 
Part of their Orbits, and ſquaring them found thoſe 
Squares to be in the Arithmetical Progreſſion of the odd 
Numbers 1; 3, 5, 7» 9, 113 and ſince one of thoſe 
Glaſſes was plane, and the other ſpherical, their Inter- 
| vals at thoſe Rings muſt be in the ſame Progreſſion, 

Alto he meaſured the Diameters of the dark or faint 
Rings between the more luctd Colours, and found their 


* K 
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Of Licur and D 


Pores' of Air of different Thickneſſes in 
thoſe Bodies; and according to the diffe- 


Sd to be in the Arithmetical Progreſſion of the 


even Numbers 2, 4, 6, 8, 10, 12 

13. All this follows from the Nature of the Circle ; ; 
for let the Circle EF G be the Section of the Sphere 
whoſe Convexity is equal to that of the Double-Con- 
vex above-mentioned, and the Line AB a Section o 
the plane Surface of the Plano-Convex touching the other 
in the Point D; then ſuppoſing De, D /, the Semidi- 
ameters of two Rings, the Thickneſs of the Air be- 
tween the Glaſſes at thoſe Rings will be ec and 5 d, 
which are equal to Da and D 5 reſpectively. If there 
fore, as uſual, we put DG a, Da=x, Db = X; 
#&c= D. s 404 bd=(Df= Y; then by the 


Property of the Circle we have yy = ax—x x, and 
YYSoX=XX; and therefore * VI a = 


| RX X Nx: 
very great with Ws = x and X, or Da, Ds, then 


xx. But when a or,Dg is 


2 — 1 1 near ; conſequently, in the. preſent Caſe 


„*: Vn ᷣ: X; or the Squares of the ee 


of the Rings De, Df; are as the Intervals ec, F d, or 


Thickneſſes of the Plates of Air in thoſe Places; and 
therefore the Squares of the whole Diameters are in the 
ſame Ratio. 

14. Sir 1ſaac md the Diameter of the 5th dark 
Circle; (ſuppoſe 2 D ] and found it equal to 3 of an 
Inch; but then viewing it 2 a Glaſs of an Inch 
thick, and nearly in the Perpen icular, it muſt by Re- 
tration appear diminiſhed nearly -in the Proportion of 


79 to 80; fo that, As 78: bo ; =. Df. 


Diameter between the Glaſſes. 140 D. yy mes = S 
and in this Experiment DG= 182 Inches, we have 


% 
9 8 A ren 
o Ld g I 


of Liohr . Canaan . 


DG: bg : bf: DSA; or, in Numbers, 


A 15. 751 ogy = fs = 
: 79 79 567931 1774784 fe; apd | 


is to 
that at the firſt as 10 to 2, 2 5 to 1, (by t. 12. ) 


100 


therefiite 3 Gf nodes 75 = 88755 Part of an Inch, bor 


the Thickneſs of the Air at __ ff dark Ring. 5 
15. By another Object-Glaſs (of a Sphere whoſe Di- 
ameter D (7 == 1 84 Taches) he found the Werner 


Thickneſs of Air at the ſame dark Circle 0 be 


38976. 


Part of an Inch: But the Eye in both theſe Obſervari- 


ons. was not quite perpendicularly over the Glaſs, and 
the Rays were inclined to the Glaſs in an Angle of 4 


Degrees ; therefore (as per next Article) had the Rays 


been rpendicular to the Glaſſes, the Thickneſs of the 
Air af th heſe Rings would have been leſs, and that in 


Proportion of the Radius 10000 to the Secant of 4 De- 
grees 10024. Ts Thickneſſes found diminiched in this 


1 
| Ratio will be ——— CE and 590 8968 or in n the neareſt round 


Number 18565 Part of an Inch. Now half of this VIZ. 


77666 _ . x is the Thickneſs of the firſt colourd Ring; | 


3 2 + 44> 

and of the reſt as follows, 858 178000" 178co00? 
3 —— 6 

er çRK̃ . on. i. are the 


178000* 1780007“ 178009? 
Thickneſſes at the ſeveral dark Rings. 


16. The Rings were obſerved to be leaſt when the 


Eye. was held perpendicularly over the Glaſſes in the 
Axis of the Rings; and when they were view'd oblique- 


m they | became bigger continually, ſwelling as the t.ye 


2 3 tranſmitted 


rent Texture of Bodies, and Magnitude of 
the Particles of Light, it will be either 
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tranſmitted wholly or. in part; and that. 
Which is reflected will be all of one Sort of 


was removed farther from the. Axis. And by meaſur- 
ing the Diameters of the ſame Circle at ſeveral Obli- 
quities of the Eye, and by ſome other Methods, Sir 
Iſaac found its Diameter, and conſequently the Thick- 
neſs of the Air at its Periphery in all thoſe Obliquities, 


to be very yearly in the Proportions expreſſed in the 


following Table; where the firſt Column expreſſes the 
3 of Incidence which the Rays of Light make with 


the Perpendicular in the Glaſs; the ſecond Column ex- 
preſſes the Angle of Refraction into the Plate of Air; the 


third Column ſhews the Diameter of any coloured Ring 
at thoſe Obliquities expreſſed in Parts, of which ten con- 
ſtitute the Diameter when the Rays are perpendicular; 
and the fourth Column ſhews the Thickneſs of the Ait 
at the Periphery of that Ring expreſſed in Parts, of 
which the Diameter conſiſts of ten alſo when the Rays 


are perpendicular. 


17. Tal 7 har ang L Draneer Tae, 
, nce on th Ffrafion inte of the of the 
Plate of Air. ſibe Pl. of Air.] Ring. | Air. 


1 


} Deg. Min. | Deg. Min Z 
' 00 oOo | ©09. oo + 30 4 
o6 26 10 oo 1072 107 
12 45 20 0 f 105 f- 163 
18 49 30 oo 103 142 
24 30 1 40 00 | Hz | 13 | 
33 58 | 60 co | 1 20 


1 | My oo 164 | 284 1 
, T-207*.:of 
7 39 27 | 8 oo 227 524 
40 ©O .1 . 85 o 4 29 847121 
8 | ; | | 
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Rays, or of ſeveral Sort promiſtuouſly and 


unegually, or of all Sorts equally, Whenee 


Light. The central Spot now became white and tranſ- 


343 


parent. The Order of the Colours was Yellewiſh Res; 


Black, Violet, Blue, White, Yellow, Red; Violet, Blue, 
Green, Yel ow, Red, Sc. as they are written in the 4th 
Figure below, thoſe above being the Colours by Reflec- 
tion; AB and CD being the Surfaces of the Glaſſes 
contiguous at E, with Lines between ſhewing the In; 
tervals or Thickneſſes of Air in Arithmetical Progreſ- 
fion. Where comparing the Colours, you obſerve that 


XX 


Fig. 4. 


Plate 
XV11L 


W hite is oppoſite to Black, Red to Blue, Yellow to 


Violet, Green to Red, &c. in reflected and refracted 
Light: But the Colours by refradted Light were very 
faint and dilated, except when viewed very obliquely, 
for then they became pretty vivid 


19. By wetting the Glaſſes round thee Ed ges, the | 
Water crept in flowly betw een them, and the Circles 


thereby became leſs, and the Colours more faint. Their 
Diameters being meaſured were found in Proportion to 
thoſe of the Rings made in Air as 7 to 8, and therefore 
the Thickneſs of Air at like Circles as 7 X 7 = 49 to 
8 X 8 = 64, or as 3 to 4 very nearly, which is the Ratio 
of the Sines of Incidence and Refrad ion out of Water 
into Air. And this perhaps {lays Sir {ſaac) may be a 

general Rule for any other Medium interceding the 
_ Glaſſes more or leſs denſe. than Water. 9. 

20. The coloured Rings made in Air became much 
more diſtinct, and viſible to a far greater Number, when 
viewed in a dark Room by the Reflection of the colour d 
Light of the Priſm. The Rings made by Reflection 
of Red Light were manifeſtly bigger than thoſe made 
by the Blue and Violet; and it was very pleaſant to ſee 
them gradually ſwell and contract according as the Co- 
lour of the 


an Eſtimation made of the Diameters of the Rings, the 
Thickneſſes of Air in the Places where the Rings are 
made by the Limits of the ſeven Colours, Red, Oran e, 


"= It 


ight was changed. The Motion was 
quickeſt in the Red, and loweſt in the Violet; and by 


1 
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it will follow, (1.) If the Light be wholly 
tranſmitted, the Body will appear Black, 
Yillew, Green, Blue, Indigo, Violet, ſucceſſively in Or- 


der, were to ,one another as the Cube Roots 'of 'the 
Squares of the 8 Lengths of a Chord which found the 


Notes of an Octave, that is, of the Numbers 1, 3, &, 


2, 4, Ho 60 4. | 


21. Theſe Rings were not of various Colours, as 


. thoſe made in the open Air, but appeared all over of 


that Priſmatic Colour only with which it was illumin'd ; 


and by throwing the colour'd Light directly on the 


Glaſſes, that which fell on the dark Spaces between the 
Rings was tranſmitted through the Glaſſes without any 
Variation of Colour. This appeared by placing à white 
Paper behind, on which the Rings were painted of the 
ſame Colour as thoſe by reflected Light, and of the 
Bigneſs of their immediate Space. 

22. Hence the Origin of theſe Rings is manifeſt; 
namely, that the Air between the Glaſſes, according to 


its various Thickneſs, is diſpoſed in ſome Places to re- 


flect, in others to tranſmit the Light of any one Co- 
lour; and in the ſame Place to reflect that of one Co- 


lour, where it tranſmits that of another; in the Manner 


Plate 


XXXVIII. 


Fig. 5. 


as you ſee repreſented in the 5th Figure: Where A B, 
CD, are the Glaſles, as before; and a, c, e, g, i, I, v, p, 
the Parts of the Beam tranſmitted ; and b, d, f, 6, 4, 
m, o, the Parts of the Beam reflected, making the co- 
lour'd Rings. 1 8 e e eee MEL e 
23. "The Squares of the Diameters of theſe Rings 
made by any Priſmatic Colour, and conſequently the 
Thickneſſes of the Air at each, were in Arithmetical 
Progreſſion, as in the Rings of common Light; and 
the Dimenſion of the Rings made by Yellow Light the 
ſame as ſpecified in Article 14. Theſe Obſervations 
were made with a rarer thin Medium terminated by a 


_ denſer, viz. Air and Water between Glaſſes. In thoſe 


which ſollow are ſet down the Phznomena of a denſer 
Medium thinn'd within a rarer, as Plates of Muſcovy 


which 


Of Licfr my Cee 


* In 0 Experiment os win a Bubble of Soap- 


Water covered by clear Glaſs, and expoſed to the white 
Light of the Sky, it was obſerved, that as the Bubble 


grew thinner by the continual ſubſiding of the Water, 
it exhibited Rings of Colours ſlowly diluting, till they 
overſpread the whole Bubble, and vaniſhed at the Bot- 
tom ſucceſſively. The Bubble was black at Top, and 
this central Spot was ſurrounded with Rings of the ſame 


Colours, and in the ſame Order as thoſe of Air i in Art. 


11, but much more extended and lively. 


25. As the Thickneſs of the aqueous Shel] diminiſh- | 


ed, the Colours of the ſeveral Rings by Dilatation were 


ſucceeded: by others in Order from the Red to the Purple. 


Thus the Red of the ſecond Ring from the Top (or 
ſixth from the Bottom) was at firſt a fair and lively 
Scarlet, then became of a brighter Colour, being my 
pure and briſk, and the beſt of all the Reds. Then 
after followed a lively Orange, which was ſucceeded b 
the beſt of Yellows, which toon changed into a creediſh 
Yellow, and then into a greeniſh Blue. Afterwards 4 
very good Blue, of an azure Tint, appeared; which 
was ſucceeded by an 'intenſe and deep Violet. And fo 
it happened in all the other Orders of Colours, only 
not in ſo regular and perfect a Manner, the Colours in 
them being more compounded and leſs diſtince. 
26. Theſe Rings of Colours, viewed in various Po- 
ſitions of the Eye. were found to dilate according as 


the Obliquity of the Eye increaſed,” but not ſo much as 


thoſe of Air in Art. 16. For by the” Table, Art: 17, 
it appears they expanded to a Part where the Thick- 
neſs of the Air was to that- where they appeared when 


viewed perpendicularly, as 1221 to — or more than 


12 to 1; whereas Sir Iſaac found, be meaſuring the 
Thickneſs of the Bubble at the ſever Rings, as they 


1 at the ſeveral Degrees of 9 mentioned 
f * f all 


Glo, Bubbles of Water, &c. bounde on all Sides 


= © 
whith' is the Abſence of all colour d Li _ 
(2:) If the Light reflected from Bodies be 


Plate 


iT 


XXXVIII. 


Fig. 5. 


Paper behind, on which che 
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21. Theſe Rings were not &f Fe Colours 28 
thoſe" made in the open Air, but appeared all over of 
that Priſmatic Colour only with which it was illumin'd; 
and by throwing the colour'd Li ght direQly on che 
Glaſſes, that which fell on the date Spaces between the 
Rings was tranſmitted through the Glaſſes without any 
Variation of Colour. This a e by Pacing 4 bi 

in ed of the 

ſame Colour as thoſe by refletes Tae and of de 
Bigneſs of their immediate ea 
232. Henee the Origin of eſs Rings is manifet; 


| namely, that the Air Waben the Glaſſes, according to 
its various Thickneſs, is diſpoſed in ſome Places to re- 


flect, in others to tranſmit the Light of any one Co- 
Jour; and in the ſame Place to ri that of one Co- 
2 where it tranſmits that of another; in the Manner 
ou ſee repteſented in the 5th Figure: Where A B, 
c , are the Glaſſes, as before; and a; c, 28,44 9, 
the Parts of the Beam tranſmitted; "and , 4% 
m, 0, the Parts of the Beam reflected, ing 
 lour'd: Rings. £S 6 Be + 48 if} 2 #20 4 13S i 72 14 21 
23. The Squares of the /Didiheters: of theſe Rings 
made by any Priſmatic Colour, and conſequently the 


Thickneſſes of the Air at each, were in Arithmetical 
the 


reſſion, as in the Rings of common an Nr and 
imenſion of the Rings made by Yellow 


ſame as ſpeciſied in Artic'e 14. Theſe —— 


were made with a rarer thin Medium terminated by a 
denſer, vis. Air and Water between Glaſſes: In thoſe 
which ſollow are ſet down the Phænomena of a denſer 


Medjum chin d within a rarer, as Plates of e 
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Colours, and in the 2 
11, but much more extended and U 5 71 
25. Ag the Thickgeſs of the aqueous deten 
el, the Colours of the ſeveral Rings by Dilatation were 
ſucceeded by others in Order from the Red to the Purple. 
Thus the Red of the ſecond Ring from the Top ( 
ſixth the Bottom) was at firſt a fair and li 
Scarlet, then became of à brighter Colour, being very 
pure and briſk; and the defer an tke Reds. "Then 
after followed a lively Orange, which was ſucceeded 
the beſt of Yellows, n 5B changed/i into a in 
Yellow, and then into à greeniſm Blue: Aſter Wardeea 
very good Blue, of an azure int appeared; which 
2 s ſucceeded 'by an intenſe and deep Violet. And fo 
pened in all the other Orders of Colours, only 
7 in fo regular and perſect a Manner, the Oolours in 
them being more compounded and leſs diſtinct. 
26. Theſe Rings of Colours, viewed in various * 
ſitions of the Eye, were found te diläte accordin 
the Obliquity of the Eye increaſed, bat not fo'r G | 
- the" Table, Art: "rf, 
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| atenſely 8 7 ) If 95 Rena are pro- 
| ati I eflected, bat one * more 


bs 2 in the Bubble, when none appear to the 
5 i 72 1 R 

| The colours Nin — ibed ap 

C = in Pieces of Muſcovy laſs: which when 

; on the Side oppoſite to che Eye exhibited 

r bur more en r AS > 


> . 


aly « of the "Path, not on that + 
* the Sndiett Medium,” And upon the Whole, if 
Pte be denſer than the ambient Medium, it exhibits 
| more! briſk and lively Colours than that which” is 


rarer. + N a3 118 | * N 
arſſe or polifh's Sigel 72 5 
F 


Ii, The Colouts whicwd 
denn are of the err in the Ri 
the Bubble, emerging one after another from Red + 
Blue or Purple ſucceſſively Wee like the others 
Bange in being view d at different bli quities of the E e 
ut not n e great ® Degree. | Nees hh 
125 That we may be able by ſhew how the Colours 


og frogs BR Ri ho produced, we ſhall a little I- 
te Sir 


wehtion for that Purpoſe. In order 
a g be taken, in any Right Line * Plate 
I: < I, 15 YE, CF; * XXXIX. 


Fig. 1. 
of umbers $754, J, J 85 2 1 
n the Projiortion of the Numbers 6300, 681 


18 5 Enel 
3 In the Boinſ/ A, B e, D. E. F, &, H. eren 
t iculars — G N. | 
ri he Extent of the lours wrought | 
"lbs | Preſente. t the Th 4 A che Vi 
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i to underſtand. 


0 * Lacie an . 
chan the reſt, the Body will appear of the 
Colour proper to that Sort of Ray, but! it 


Ant 24. Then les the Line As be divided into equal 


Parts, and number'd as in the Figure to 4; ; and 
through thoſe Diviſions from V draw the Lines 11, 2K, 
25 TM 6N, 70, Sc. Then will the Pam Az 


+7 no A14; Cc. be in Proportion to ei 


Numbers 1, 3. 5, 7, 9, 11, Ce. or as the Thickneſſeg 
ba the Air at the ſeveral Rings. See Art. 12. 


35. Therefore. ſince A 2 repreſents the Thickneſs of 


thin tranſparent Body, at which the Violet of the 
2 Order or Ring is moſt copiouſly reflected; then 


will HK repreſent its Thickneſs where the Red of that 
Order is moſt copiouſly reflected: Becauſe, in the ſimi- 
lar Triangles A'Y 2 — HV K, we have YA: IH 
2 A2: HK. But Y A and V H are as the Thick- 


neſſes of che Plate of Air at theſe wars, and there- 


„ eq tray Boo See Art. 3 


Again; becauſe (by Art. 13. 5 Abi is the Thick- 
_neſs where the Violet of the 2d Ring is moſt copiouſl 
reflected, and (by Art. 20.) the Ratio of the Thick 


of the Air wu Violet and Red are reflected is the 


fame as of V A to YH; therefore ſince YA; VH: 


A6: HN, the Line HN will repreſent the Thick · 
mneſs of the Plate where the Red of the ſecond Order 
is reflected moſt copiouſly. Thus alſo A 10 and HQ 
will repreſent the ſame. for the Violet and Red of the 


third Order, and ſo on. 


gal And the Thickneſſes . at which the 3 
urs will be reſſected moſt copiouſly will be defined 
» the Diſtance of the Line A H from the intermediate 


Farts of the Ljine:2 K, 6 N; 10 Q, Cc. againſt which 
the Names. P he Colours are written 3 dich i ealy 


38. But farther to Jin. the Latitude or Breadth of 
the Colours in each Ring, let A 1 denote the leaſt 


F ar and A 3 the greateſt, at which the 2 


aſt Series or. Ring is reflected 3 then ſhall 


Hl and H TH be the like Limits for the extreme Red, 
will - 


eee Z 


oo OO OO Wl" ß . is I D\ 


"Of Lieur and Col ouls. 
will be not ſo pure and ſtrong as before. 
(4) If three or four Sorts: of ' Rays are 


nd the intermediate Colours wil be limited by the in- 
termediate Parts of the Lines 1 I and 3, againſt which 


the Names of thofe Colours ſtand; and To on Note, 


The ſame Latitude is afſfign'd to every Seties of 3 
AHL 3, 5MO7, Ab R II, Cc. | becauſe the Diffe- 
rence of the Breadths of the Rings in the Plates f 
Air and Water were inſenfible to the Eye in the * 
riment. | 

39. From hence it is 88. bbſerve; that the Spaces 
A1IH,'35ML, 7 9PO, Er. are thoſe at which 
the Rays are tranſmitted, and the dark Circles appear. 
And therefore we may know from this Scheme what 


Colour muſt be exhibited (in the open Air) at ay 
- Thickneſs of a tranſparent thin Body: For if à Ruler 


be applied parallel to A H, at the Diſtance from it by 
which the Thickneſs of the Body is repreſented, the 
alternate Spaces 11 L 3, 5 MO 7, Sr. which it croſſes, 
will denote the reflected original Colours, of which n 
Colour exhibited in the open Air is compounded. 

40. Thus, for Example, if it be required to find 
what is the Conſtitution or component Colours of the 
Green of the third en or Series, apply the Ruler as 
jou ſee at rt uw, (parallel to A H] and by its Paſſage 
through ſome of the Blue at 5, and Yellow at u, as well 
as through the Green at t, you may conclude that the 


Green exhibited at that Thikneſs of the Body is prin- 


cipally conſtituted of original Green, "with A | Mixture 


X of rh Blue and Yellow. - 


1. By this means alſo you diy? kon tow the Co- 
Wh the Gentre of the Rings outward ought to 
ſucceed in the Order as. they have been deſeritied inf 
11. For if you move the Ruler gradually from A H 
trough all the Diſtances, having paſs'd over the firſt 


A 1, which denotes little or no Reflection to be 
made by thinneſt Subſtances, it will firſt arrive at 1 the 
Violet, and then quickly at the Blue and Green, which - 
* the lolet compound Blue; and then at 


Prom 1 


349 


$$ : 


350 


which, ſucceed; in Order during the; Tranfit of the Edge 


won becomes a good Green, being the only, unmixed 


end bid Gototn, 
promiſcuouſly reflected more than the rec}, 
the Colour of the Body will be Mixed or 


Of * ” 
A : 5 — * 7 £ 


the Vellow and Red, by whoſe | farther Addition thai 
Blur is converted into Whiteneſs, which. continues 
during the, Tranſit of the Ruler from I to 3; and-after 
that, by the ſucceffive Deficience of its component Co 

gurs; turns firſt.to compound Yellow, ;and that to Red, 
Which ceaſes at L. Thus are the Colours of the fuf 


| ; E339 8 227 
, % U SY ( 
42. Then begin the Colours of the ſecond 


Series generated. 


before, becauſe more expanded and ſevered : And here, 


44 


Grange o 


ue 
Reg, very much inclining to Purple, are compou 
44. Hence the Violet and Blue, which ſhould ſuc- 
Ceed and begin the fourth Series, being mixed with and 
bidden in the Red of the third Order, there ſucceeds 
& Green, which at firſt is much inclined. to Blue, but 


and lively Colour of this fourth Order: For as it verges 


oO Lacy FP ER ack 
; aching to the Fint Senne 
r noſt prodominant Colour. i 30 When all 


wards, the Velo, it begins to e n 
Colours of, theoſiſth: Series, by wh 
on op eas b «2 _ ww — 
„ _elfgc: Ws. hi ing. 
— ä g able to ſhew itſelf; do what this. 
* (of ee e ng | * 1 8570 
QC” ter 1 Ruler 
| 125 parallel to A H, it will cut the Colours of 
ſechndzi thitdy and fourth. Series at ance which will 
dex thoſe: Colours; become more and more-intermixeds 
tübaſter three: gr four more Revolutions tin which ghe. 
Red and: Blueoptedominate by turns; making the ffths 
lun, 2 — all Sorts of Gelouee grein a 
pretty - equally. mixed, and compound an even 
Whiteneſse 89225 &y paſſing thr bebe Bd 
aß the 2zth Serie; the. Yellow ang Green of. the; * 
be-Blize bf: ther tb, and the. Purple of the loth, thewy 
Wuitedels it Wee T Neknelb A . on Ha mult nosgſſan 
uy refult fron, the) Mixcure of ſo many original _ 
140-36 41 271814 0 10 
2 Vinee (by Atti20, ar.) ewe one Colgur 
aue tianſmittedi where thoſe of another: Colous are, en 
eged,! the Rerſon of the colour d Rings made by tranſy 
mite Light is from hence manifeſt z, betauſe what hay 
been ſaid With veſpect to we Slang made 2 


tion from the Spaces 1 L, 5 O, g R, &c. is equally WE 
aphlieable to account for the Colou Fade by * : 
4}. Not only the Order an A 
Not only the Order and Speck but alſo the pre- 
hickneſs or the Plate a any of thoſe. Go- 
ek are Exhibited in Parts of 78 » ma be obwiind 


2 Murg Since (by Art. 1 | and 2 1 we have 
Thickneſs of, Ne Plate wg ellow Light i is re- 
oY already rr viz. FI = ddr, Fm = plate 


dos F n= 777550, 1 is BIS c. and fince | 
—_— 0,0000056, or 56 Parts of Ten Million of XXXIX. 


in lach; if the Scale of equal Parts be confirufied ſuch Fig: 2+ | ö 
| 1 So | _ 


\ 44 
2 8 
1 

"I 


9 


> Jeden 10 2 "Adios 
other Thickneſs for any propoſed: Colour or T7 
dt almoſt by Inſpection Wache Ter Millionth Pun 
| 13 each 3 Rae Ip EB ole 
* Since by Aer. ngen the Thickneſſes 
2 and Water, exhibiting:the ſame Colour, are us 
4 the Thickneſfes im fir ure known forthe 
e Nings, you'll have the Nuekneſw of the Bubble 
cure "where/ the ſeveral Colours appear 1 und chus 
e Table in er. was made. Alſo hence the Thiel- 
Aale of thin Plates of Glaſßs produsing the Rings" of 
Mente wil be-knbwn; being to oſe df Alt 28 20 to 
8 Proportion of the Sines of Incidence 
on out of Glaſs into Al 3 
the Kenne is not-conſiderable. 
bac ; 4 — — Wich S 
has prend fd che following Table, wöere the Num- 
ders ae fo 42 | Parts of an-Tngt fort 

Thiekneſſes ef "4 

E e eZ LL £22596: 903 mom hoi. 
| Lg Sy bam Fels, Hr Waters Glaſs 
THY 8% ot ' IT 4 Vary Black, <3: 41 Aly 1. 


$ N ach: gls 1d Ws ks. $50 $1.) E * . 1 : 


ae; 


„Gototas ef ifhe Blue, 225! Jad 2:6 F':.- 

0011 Order. . WY 22164 Ni! bil, 13 2 $Þ0: 

Box) Bw. de boat Bk. x0) Ben's, 4 n 
-L ei c wolls] $- © xs 9861 1 26h e ap 


: 1% 1 2 s 5 
17% xa. ors, 1 > 


+ -* 


wor. | # 
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82 E ps =oc 


=” n md Ce Los: 
me Colour of the Sun's Light. (6.) Where 
were is no Light at all menden on 1 Bodies, | 


F ba VTX 


J e K. . Feen: : 114 11 . 
7 od at eee ee e 


ö 

Bright Red, 181 31 11 

: (Scarlet, 197 14+ * | 
N —  — 

: Pu le; 24 154 | 139 

; Indigo, 22 142. 
Blue; 237 171 1 

0 of 0 the d Ordet. Green; 257 Ha. Fl 
of „ rde 05 277 204 17 * 
0 eee RL ok e | 29 213 -183 
| 5 | P NF CN Blu Red, = : WE. ere 

| Greeny 357 265 | 223% 
7 of te Tou e Blae, 404 3 oÞ 2 5 
c 1 „ 
0 © Greeniſh Blue, 46 34% 293 
2 of he - Fiſh Order. * ws Fi 524 39 34 
* e 

6 one. lie niſh Blue, 584 44 363 
: reeniſh Blue, 71 £ | 
- of t the Seventh Order Rud dy White 7 7 5 1 5 
A * 8 al Phænomena pf thin Plates | 
: or Bubbles; which follow from the Properties of Light. 
7 by a mathematical Way of Reaſoning; whence i it ei- 
. lows, that the eolorific Diſpoſition of Lays is connate 
- MW vith them, and immutable, there being always 4 con- 
BE ſtint Relation between Colours and the Refrangibility \ 


and Reflexibility of the Rays. In this reſpect the Sci- 
ence of Colours becomes a Speculation as truly Mathe- 
matical as any other Part of Optics; and conſiſts of two 


Vor. II. Aa ttmoſe 


co 72 bit 97 4 Sort. o Rays, it 


Of. Neur 4 
© thoſe. Bodies can have, 


18 2 Property . th 
(lt 8 


Rays of e ke a 


1 0 one Theoretical, which delivers the Properties of 
Bight, and the Principles on which the various Phe- 
nomena of Colours depend. This Part we have hither. 


to been treating 'of : The other i is Practical, and con- 
ſiſts in applying theſe Principles to account for the per- 
manent Celours;of Naturab Bodies ; to which we ſhall 


now proceed in the following Note. 
1: As I here intend to deliver the wich 
etoniat Doctrine of Colours, it wil be neceſſary to 


| = and cen with the Definitions and Precautions 


ch ce aac Newion himſelf has made uſe of, and 
N are 25 follo low. a 
15 eneral Poſition is, Tee 7 if the - Sun's Light 
ere would be but one 
Colour in the auhale World ; nor would it be poſſible to pro- 
Fas gy new Colour by Refleftions and Refraftions ; and 
Conſequynce that the Variety "Colours pends upon the 
G on Light. All which is e from the 
Subject of che foregoing Annitations on the Properties 
and Phænomena of ight by by Reflection and Refraction. 
' 3: His Definition of Light is as follows: The Light 
whoſe Rays are alt ae 4 he calls S:mple, 
Honiozeneal, and Similar ; and that whoſe Rays are 
ſome more. "refrangible. than others he calls He N 


H. teri enegl,. 4 and „ Nmilar. Hip 
| 4 The Colours of Homag eneal Loder bs calls Pri. 


m 2 Han 80 5 arte, and: thoſe, of Heterage- 
" FAY cal 15  Campoun Toner: 


8 hg of the Colours of, 
At hes; as hath been in part already, 1 
. ae 728 in e this Aungtation. 
Homogeneal.Light, and, Rays, Which. appear 


Reg or. my 577 {98 
ee Hal 0 12 1 e Objects a Yellow, 
C - our, he. call, "Leliquw-mating, 


f | | 


tapes for. N Kali 
whic 


7 r Nr 18 f Pere "Bro ok. Plate 


"I 2. 


a Rain, and AN a Ray "of the NR TI 


* 
* i 


Green-mak; | ines " "1-94 Ee 5 "pe ue. mating 
of the reſt. And para wheneyer he hop 45 


and Rays a as colour d, or endued with Colours, ha won la 
be underſtood to ſpeak not phil dog: = 8 
but groſdly, * according to the bai oth of. 
mon Peop 
56 For the * to Tet properly, are 
in them there is . but a certain Diſpol qd. 
power to excite à Senſation of this or 1 DEN * 
25 Sound ina Bell or 7 ins; ma nothing. 


tremulous Motion, ning 82 gee . | 


tion propagated from-th lin ations 
5 Ware nſarium "i: a . ge nder 1 | 
otion of Found: 80 C Colours in. be Qs are nor 
thing but a, Diſpoſition to 72 
ays more ; copioully. than 6 Je ret; * 9 5 ys. they.. 


are nothing but their 1 be Gens Fes ate. this 22 9 
e 
in the 1 HAR then e A, Ide a 


7. Maney nes Geo gra J Tos > Pills. FI u 


refra urface is put into a in 
ſatin Sur whit 15 p Ns oj of 60s Ray 
and diſppſes t 


turns at equal. Interv: | 
Return to: be cal tranſmired, pos Boe By the, next: rey, 7 
fading: Fs iy between . = eaſily 
elected by it. 2 manifeſt from. Art. Fla 22, of 
the laſt 165 Theſt Fi Wee "te Dilſpalitiog.of any, 
Ray to. be. refledted; he Falls its Fett 14 4a Reflection, .. 
and thoſe of. its D ion to be tranſmitted its Fits ',, i 
64% Tranſeiſſion 5, and: the Space Apa between ever 
Return he calls the / F. the Fits. 


oe On Alte mation of. ars depends on bath che 


urfaces of Every, , 77 1 — 4 dit 10 
— . its n 1 85 alſo becauſe, cit * 4 
face be yetted, the 6 cauſe both 118 0 


aps a grow faint, which ſhews | it to de affect 4 


£7 Aa2 EE falling 


0 * ö oy 

* ; 
* * F Ss "8 * 4 5 agg 
5 1 7 


falling upon it in the Point N, which bey * 
cab 1 go: F efrafted to F, | from thence re- 


56 Offi 


at both. It 8 performed at the ſecond 1 
5 for if it were performed at the firſt, it could not depend 
don the ſecond; and it is influenced by ſome Action or 
Diſpofition propagated from the firſt to the ſecond, be. 
cauſe otherwiſe at the ſecond it could, not depend on 
the firſt. Wk 1954 * 
. This Action or DiſpoGtion, in its Propagation, 
intermits and returns at different Intervals in different 
Sorts of Rays, emerging in equal Angles out of any 
refracting Surface intò the ſame Medium. Thus in the 
Experiment of Art. 20: and 2 1 of the laſt Annatation, tis 
plain, the Violet Ray being in a Fir of eaſy Tranſmiſ- 
ſion at its Incidence on wut, inne of Air, was again in 
that Fit at the fartheſt Surface, in paſſing throug h a leſs 
Space than that which the Red paſs' d throu 1 in the 
5 Interval of its Fits; for thoſe Spaces were as the Thick- 
2 nneſſes of the Glaſſes, and conſequently the Intervals of 
5 theſe Fits were as the Numbers 63, 68, 71, 76, 82, 
| ke 232. 100, for the Rays re eQively from Violet 
Rad See Art. 32. of the laſt Annotation. 
| 1 Hence e @ Ray of Light falls upon the Sur- 
face of a Body, if it be i FE of eaſy Re eflection, it 
ſhall be reflected; if in a Fit of eaſy - Tranſmiſſion, 
it ſhall be tranſmitted: and thus all chick tranſp arent 
Subſtances are found to reflect one Part of the Light 
which is incident upon them, and to refract the reſt. 
11. The leaſt Parts of almoſt all Natural Bodies are 
in ſome meaſure tranſparent.” This is well known to 
thoſe who are converſant in Experiments with the com- 
mon and ſolar Microſcopes: As alſo by the Solution 
of denſe and opake Bodies in Menftruums ; for then 
their Particles being ſo minutely divided become tranſ. 
rent, And therefore, canſidering the inconceivable 
mallneſs of the Particles of NS. even it Compariſon 
of the ſmalleſt Parts of Natural Bodies, we may 83 
ceive. them as always incident r Sur fac t PE. 
n t Subſtances.” 5 e 3 


fx by 


LS, in , N 8 l we 2 * EN 17.28 
: | ; 
1 * L ; 
X r OY. » 8 £ A 
r — 4 


2 


S A 


"Y 


8 228 


— 
8 


* 
<2 


On Serena 


— 


4 
„ 


* x by OT PEP * * 1 1 _ 4 1 3 Fe 
nne n * R 7 > r % 
7 pat” as * WN SS 7 2 . > 8 LY r 7 L 

L 9 2 ** oo * - FE = <> 


4 4 ä 
n * * P N D 5 
: SS 1 * * 6 : ? n * 4 
I 1 x 
L « J . 4 
: re, ; 1 +; 3 
* 2 * * 
« * } 2 2 1 * * * 1 
E 5 : * * 
0 7 * 
: % 
* 
* 
* 


„ 
wm 


£ ts I a. 


TY, 8 NL - ij 

c "EP n r ; | 
1 25 * is 1 8 d 5 . % . 0 ; A & + A a = * 5 ; : i l $4 i 
flected to G, and there again refracted in 

%% te ͤ 48 „ ag 08 { | 
the Direction GR to the Eye of a Specta- 
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112. 1 have obſerved (briefly) before, that thoſe gu- EI 
perficies of tranſparent Bodies reflect the greateſt Quan- Sf 
tity of Light, which have the greateſt refracting Power. 
Thus Glaſs produces a total Reflection of Light, at a 
lefs Angle of Incidence on the Air than Water; for g 
in Glaſs that Angle is but 40® 10”, but in Water it is 
48 35% Thus alſo Diamond, whoſe refractive Ppwer , 
to that of Glaſs is as 34 to 26 nearly, is found to re- | | 
flet a much greater Quantity of Light than 1 — 5 55 
13. Hence tis obvious, there can be no Reflection Plate 
at the Confines of equally refracting Mediums. For XXXIX. 
let HT be a ſingle Ray of Light paſſing out of a denſer Fig. 3. 


„ > * Fn 1 


PF eee eo: eos —— * 


Medium A C into a rarer DE; in this Caſe there will be a 

certain Limit or Angle of Incidence H IK, in which | 

the Ray will be reflected into IG,” If the Medium AC +) 
be ſuppoſed - to have its. Denſity decre-fing, then the 5 
Limit or Angle HI K will be continually increaſing; 

or, which is all one, the Ray HI muſt have, a greater 
Obliquity than HTK that it may be refſected. There- 1 
fore when the Denſity of the Medium A C becomes | 4 
| equal to that of DE, the Angle HIK will become 1 
equal to DI K; and ſo no Ray inclined to the Perpen- ; 
dicular K I can in that Caſe poſſibly be reflefted. 
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14. Hence the Reaſon why uniform pellucid Medi- 85 


ums, as Water, Glaſs, Cryſtal, &c. have no ſenſible 
Reflection but in their external Superficies, where they 8 
are adjacent to other Mediums of different Denſities, fis 


becauſe all their continuous Parts have one and the ſame 


Degree of Denſity, _ „ 

135. Hence alſo it is, that fince in common Sub- 

ſtances there are many Spaces, Pores, or Interſtices, 

either empty or repleniſhed with Mediums of other 

Denſities, various Reflections muſt be made in the Con- | 
fines of theſe differently refracting Mediums; and thus 
the Bodies become 'variouſ] und and opake in | 
different Degrees. As for Example, Water between 

the tinging  Corpuſcles  wherewith Liquor is impreg. 


4 SS 7 


* 


— 


5 Interſtices tao ſmall to cauſe.) Refi Et] 


their ſeveral Sizes, reflect Ray of one Colour, and 


ſame Grounds tha | 
- thin Plates or Bubbles did the fame; and. this js 


85 and, let IG be 


G Then Will the Beam, by its Re- 
faction "at G, be ſeparated into its ſe- 


nated ; Aif between the aqueous 'Globules which con- 
ſtitute the Clouds or Miſt; and Water, Air, and per 
bags other ſubtil Media detwe Th the Parts of ſolid Bo. 


_ ties, 3 them their proper loyrs and Degrees of 


Opacity, by a confuſed and promiſcuous Reflection and 
RNeffaction of Light. | 
16. The Parts of Bodies and their Interſlices muſt 
not be 1&fs than of ſame definite Bigneſs to render t 
opake and colour'd: For, as was ſaid before, the opake! 
Bodies, if their Parts. be ſufficiently attenuated by So- 
| Jution, become tranſparent. . Thus the Top of the 
Water-Bubble being ve thin made no ſenſible Reſec- 
tion, and 4 exhibited no. Colours; but, tranſ- 
ütting the Light, appeared black. Hence jt is that 
vis Salt, OA Stones, &c. having their Parts and 


ns, become tranle 


rent and colourleſs. 5 
17. The tranſparent 8 of Bodies, according & 


tranſmit thoſe of 880 1 Fu 


qoubted ly the Ground and Reaſon of all their, 
For if ſuch a thin Plate ſhould, be broke into == 
Fragments, | or flit into Threads of the ſame Thickneſs, 
they would all 2 ppc ar of the ſame ae and by con- 


. con 


ſequence, 08.1 Tap of thole Threads or *F ragments 
ute a 


als or Powder of the ſame. olour 


the Plate exhibited before it was broken; and the Parts 


of all Natural Bodies, Peing like ſo many Fragments 


4 2 Plate, 1 muſt on the f ame e Sxhiþip the fans 
1 gs . 
And that they a0 o will appear by the Afinic 
of : er Properties. finely. colour” keen a 


Raves | Birds, as of Peacocks Tails, do in the very ſame 


art of the 8 254. ln fl feveral Colours in ſeve- 
ral Poſitions of the E the ſame manner that oy 


Lads 188 found to d 0 LE * 16 and 26 of the 
n 


perpendicular. tothe 


| A 
F A w ·-wt. . — 2222 


an r 


"Of Kine 


Lav 


dal Sorts of Ra? ys, which will paint thts . | 


rene? Colours 3 in that Part of theDrop ; 


1 ; 3 3 theie Suden 1 ww 


the thin tranſparent Parts of the Feathers, chats from - 


the Tenuity of the very fine Hairs or -Capillanenta, 
which grow out of the Sides df the yolks arty or la- 6 
teral Branches of thoſe beathers. 


19. And hence it is, that the Me of ſome ie : 


being ſpun ve firie have appeared coloured}; and that. 
the coloured Fibres of ſome Silks, by varying the The 
ſition of the Eye, do vary their Colours. 

20. Another Circumſtance in which they age 1 $15 
that the Colours of Silks, Cloaths, and other Subſtances, 
which Water or Oil can intimitely penetrate, become 
more faint and obſcure by being immerſed into thole 
Liquors, and recover their & igour and Vivacity again 
being dried, in the ſame Manner as was ebook: of 
thin Bodies in Art. 19. and 30. of the laſt Inhornt im. 

21. A third — in which Natural Bodies 
agree in their colorific Quality with thin Plates, is, chat 


they reflect one Colour and tranſmit Another. Thus 


Leif-Gold looks Yellow by reflected 1 and of a 
blueiſh Green by the tranſmitted: Licht. Alſo un IMfu- 
fron of Lignum N-phriticum reflects t | Blok and Indigo 
Riys, — therefore by Reflection appears of a deep 
7 Blue; whereas by refracted Light it wpptars 
of a deep Red. And the ſame un is oHRrValde in 
ſereral Sorts of painted Glaſfes. 23 in * 
22. Again; as thin Plates and Bubbles eihidi if. 
ferent Colours in different I hicknefles, ſo the Parts Wo. 
Natural Bodies are obſerved to. undergo a Change of 
Colour in ſome Degree from: en and à Cat 


minution of their Parts. Thus ſome e RY 


Painters uſe, by elaborately and fi 


have their Colours little chan . Thus 5 3 * 


ſeveral Chymica'C rations has its Paris is lee 


to enk Red in one ae Yellow in another, an White 
5 Thus h in the Maſs appears * bit 
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of which that next the Perpendicular IG 
6 will be red, as being leaſt e. and 


58 its Parts . b Solution in ad Medi. 
ums, appears intenſely Blue. Hence the Production and 
1 Changes of Colours by the various Mixture of tranſ- 
E | parent Liquors. Thus en an eive their different 
3 compound and beautiful Hues and Tints from the diffe. 
rent Sizes of the IE" Globules of wi” they 
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23. The sr of the Particles of Bodies, on which 1 

| their Colours depend, are indicated by thoſe Colours: A 

Thus the jeaft Þ Particles of Light exhibit the Lia. 1 

E » Colour, and the leaſt Thickneſs of the Plate of Air or 4 
Mater exhibited the ſame Colour in the ſeveral Rings. 4 

Again: The largeſt Particles of Light exhibita 2 1 

Colour, anti Red is produced by Reflection and Refrac- 4 

- tion in the thickeſt -Part of the Plate in each Ring; Ht 
= . and the intermediate-Colodrs, Blue, Green, Yellow, % 
3 | dee produced from Particles of a larger Size in Order. L 
24. The Magnitude of the Particles of colour'd Bo- of 

: dlies may be pretty nearly conjectur d by the Colours 0 

. they exhibit: For tis pretty certain they exbibit the hh 
ſuame Colours with the Plate of equal Thickneſs, pro- 1 

1 Vvided they have the ſame refraQtive Denſity; and fince 1 

Po their Parts ſeem for the moſt part to have much the FJ 

$ fame Denſity with Water or Glaſs, as by many Cir- I 

. _  cumnſtances is obvious to collect, we need only have 1 

N Kecourſe to the Table or Scale (in 4r8.-47; 48, 49, ? 
pk the laſt Annotation) by which the Thickneſs of We \ 

N os or (Glaſs exhibiting the ſame Colour is ſhewn. | 

2386. Thus if it be deſired to know the ater" of * 

5 1 Corpuſcle, wh which being of equal Denſity with Glaſs 1 
muell refle& Green of the third Order; then in the faid 1 

Table you ſee under Glaſi, and oppoſite! to Green of 4 

| that Order, the N 167, which news the Cor- J 
3 1 puſcle to ve 2826580 arts of an Inch. But here the ly 

; : -Difliculry i is to know of 'what Order the Colour of Y 7 

ä — ä we . allited by : 


| viewing the Scheme of hs 8 Orders of 8 
and by laying the parallel Ruler acroſs them, ſeverally, 
| Jou will obſerve thoſe which are leaſt compounded with 
others in ghd Oder, and ee are moſt vivid 
d intenſe. . ' 
14690 Thus Scarlets and other Reds, Oranges, and 75 . 


eto, if they appear a and intenſe, you may. con- 1 


* 
© 
% 


clude they are of the Second Order, © Good Greens: 
be of the Fourth Order, but the beſt are of the Thir 
"Blues and Pur ples may be of the Second or Third 4 
but the beſt and leaſt compounded are of the Third. 
Whittmſs, T moſt intenſe and luminous, f is that of the 
Firſt Order; if lels ſtrong : and bright, it is that ariſes 
from the Mixture of the Colours of feveral Orders... 

27. The Reds therefore of Carmine, Cinnabar, Ver- 
PAP of ſome Roſes, Pinks, Peonies, Oc. are of the 
Second Order. The Steen of all Vegetables is of the 


"Third Order ; 4 Ultramarine i is a Blue E the Third Or- 
der, Biſe a Blue of the Second Order, and the Azure 


5 Colour of the Sky ſeemg to be of the Firſt Order. 
Gold is a Yellow 5t the Second Order. The White- 
neſs of Per, Linen, F. roth, Snow, . Silver, &c. 18 of 
the Firſt Order. Concerning all which ſee more in. Sir 
N ew'on's' Optic, p- 230237» 5 "a 
t has been obſerved, (See Art. 41s of the aſt 
_ Annetation) that 1/hiteneſs ariſes from a promiſcuoys Re- 
"fe&ion of Fall ebe fo ogether ; and this js proved by 
ſeyeral E; xperiments, Thus the Colour of the Sun's Light 
i White i inclining a little to Yellow, as being a Com- 
BY: of all the different colour” d Rays, 109% "which 
the Yellow” being the brightalt is moſt predominant. 
*Thus alſo the Rays. when Wa by a W's) If xe 
ceived by a | convex Lens of a lar 


Spot in the Focus, and appear of. white Oo 
de s Powder comp 
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and Verdigreaſe, in proper Proportion, appear'd of 
perten Whitenels in the Beams of the Sun. ' 
29. Bout the moſt curious Experiment for Proof of 
his id us follows. Let any circular Area be divided on 
oa x FG, and GA, & ate proportional to. the Differences 
Fig. 4. A the Lengths of the Muſical Strings in an Octave, or 
8 4* "the Numbers 5. 7 4, 5. 3 8, 3, 1:3 then ſtriking a Circle 
-abcd4if g at a ſmall Diſtance from the 9 the 
ſeveral Hiviſions of this Aunulus or Ring are to be laid 
er wir the primary Colours proper to each, that is, 
; Red from A to B, Orange from B to C, and the reſt 
m Ortzer as they are wrote in the Figure. Then mak- 
ing all the internal Space very black, let this Area with 
its painted Ring be whirl'd or ſpun round inthe manner 
-of & Top, and the Ring vill appear very white, e 
RL, Finally in the Sun-Beams : For in this Caſe all the 
| Jour are blended together in the View, and muſt there- 
x; "fore exhibit Whitenels, - » ©. 
5 5 be. On the other hand, Blackneſt is the Abſence of all 
- Colours; for it was obſerved, that in the Middle or 
Centre of the Rings of Colours, both in the Plates of 
Air and Water, there was a Black Spot, which was oc- 
caſion d by 2 i of all the Light in that Part, 

"aid corifeqdently by a wel Deficiency of Colour. - 
It. But this de in that Part of the Plate of 
Ai, and Water Bubble, where it was thinneſt; and 


dende we are taught that the Corpuſcles of black Bo- 


de lefs tan any of thoſe which exhibit Obloun. 


_ "Bodies turn them black: Why a Razor, while fetting, 
e e Oil upon the Hope black: Why a ſmall Quan- 


« 


of any other b, engel): Why ack deb dense bone 
2oF all others do become hot in the Sun's Light and 
dym Why being ſoſt, and ſtroked hard with the Hand, 


ck Subſtances 


Des- za ES SS - 


Sree 5x5s 25 


Hente we fee the Reaſon why Fire, and the more ſubtil 
'Diffolver Putrefaction, by attenuating the Particles of 


7 of à black Subſtance will tings ſo great a pany 


can 


* 
8 


SSI 


Da. 17 Minutes; ANC 


a, or emit Sparks of Light in the uk; 
11, a black Cloth wil if wet, dry ſooner han 


3 Why moſt Blacks are A little inclined. to a 


dlucjſh Colour: With various ther Wee | 


this Kind. AFC 6 
32. From whats been faid, FE a 2 

4 compoun an ecompounding ours may; be 
eaſily unter if , oy ROY 9 
N loot reſu om a Mixture of any primary Colours 

is an Lad in which each primary Colour has .a Share 
in Proportion to its Quantity; therefore this.compound 
Colour is a logous to the Common Centre of Gravity 
between two Powers acting againſt each;other.:: For - 
this Centre of Gravity will always be nearet to the 
greateſt Power, ſo the Hue of the compound Colour will 
always approach neareſt the Complexion of that 3 9 
ll Colour which was largeſt in the Mixture. 

. Therefore to know what Colour will reſult fs 

11 Aer of two Parts Yellow, and three Parts Blue z 
from the Made of the Yellow Arch at H to the Middle 
of the Blue at I draw the Line H I, and divide it in- 
32 equal Parts, =_ of which ſet from the Point 
H, or two from the Point I, will give the Point K. 

through which if you draw the Line NL, it will point 
out the Colour of the Mixture at L, which. is Greens 
but becauſe the Point L is ſo much nearer the * 1. J 
the Yellow, it will be a blueiſh Green. 

3% Aga Again: -If it be eee e eee 
the Mixture ſhall be * that has two Parts VelleW-r 
three of Blue, and five of Red; then fince we baus 
already. ne the Point K for the two firſt Quam 
tities which ate five Parts; alſo ſince there ate five 
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Angle FO P, under Which the leaſt refran- 
gible Rays come to the Eye at O, is 42 Deg. 


Colour ichn to Red. And thus vo proceed in 
other Caſes. | , 


35. It muſt be farther erde, that the Colour will 
be leſs or more broken or imperfect as the Point of 
Interſection K or P falls nearer to or farther from the 
Circumference towards the Centre N, where White is 
repreſented: That is, the farther the Point K is ſitu- 


ated from L towards N, the leſs pure and intenſe, or 


the more broken and mottley, the Green Colour will 
be. 


Hence, if it be required to find ten the ahi 


; hand) what Colours muſt be taken, and in what Quan- 


tity, to exhibit by their Mixture the broken blueiſh 


Green at K, let the Line HI be any how drawn through 


K, and it will ſhew that if you take ſuch Quantities of 
_ Yellow and Blue as are in p 


they will when mixed produce the given Green at K. 


roportion to TK and K L, 


Alſo the Line LN, paffin N the ſame Point K, 
ſhews that a Quantity of pure 


duce the ſame Green Ti int at K as required,” 
What has been ſaid relates to Theory, and to 


| thi Colours of the Sun's Light; and therefore in Prac- 
tice we muſt not expect ſo great Accuracy on ſeveral 


Accqunts'; as, (I.) Becauſe the Powders made uſe of 


in artificial Mixtures have different Powers of refleRin; 
Light: Thus lighter Materials reflect more, and darker 
| — leſs ; and therefore their Quantities muſt be in 
| Proportion. (2.) Different Bodies, being mixed, ope- 


rate upqn each other; and thereby, either by attenuat- 
ing the Parts, or by'incraſfating them, produce Colours 


quite different from what we might expect from a Mix- 
ture of Bodies or Particles which do not affect or act 


one upon another. (3.) Becauſe all artificial Colours 


are in themſelves mote' or leſs compounded, and there- 
fore cannot produce the Effects of pure, unmixed; and 
primary Colours. Yet notwithſtanding theſe Excep- : 


2 Minutes. 


reen and White, in 
the Proportion of NK, LK, will in the Mixture pro- 


Of. Liehr _ 4 ö LOU 1 


I ** 2 * \ N 


2 Minutes. ; And ſo all the Particles of 
Water within the Difference of thoſe two 0 


tions, this Theory, when well e and under” 
ſtood, will be of the greateſt Service to Painters. . 

38. Laſtly, I ſhall apply this Theory to rgb 108 3 
account for ſeveral other Phænomena of Colours. Thus 
in examining Mineral Waters, it is uſual, in order to dif" 
cover whether the Salts contained i in them are of an Acid, 
Alcaline, or Neutral Sort, to mix Syrup. of Violet, wien 
them; becauſe then, if there be an Acid, it will change 
the Syrup Red by attenuating its Parts; fo that if the © 
Syrup be a Purple of the Third Order, the Acid will 
change it to a Red of the Second Order, the Particles 
which reflect that Colour being of the Size next les. 

39. Again: If an Alcali abound in the Water, the 

Mixture will turn Green; for the Alcali by incraſfating 
the Particles will increaſe their Size to thoſe of the 
Green of the Third Order; therefore the Syrup, and 
conſequently the Mixture will appear of that Colour. 
But if there be neither an Acid nor an Alcali i in che 
Water, it will neither turn Green nor Rd. 

40. Hence alſo it is, that when even the Fume or: 
ſubtil Vapour of a ſtrong Acid, as Ajua fortis, reaches 
a Green Cloth, it changes to a Blue, becauſe that in the. 
ſame Order reſults from the next leſs Size of Particles. 
If the Acid be dropped on the Cloth in Subſtance, it 
acts more violently in attenuating the Particles, and 
thereby produces'a Yellow of the next preceding Or- 
der,” whoſe Particles are leſs than the aforeſaid ſue. 
And after a like Manner may this Theory be extended, a 
to aceount for other Phænomena of the ſame Kind. 

($f. To contlude: Since any Object becomes viſible” 
when it ſubtends an Angle Jr one Minute, and alfo be 
cauſe Objects are diſtinctly viewed in the Focus of 4 
Lens; therefore ſuppoſing the Focus of 4 Lens were; 
1 of an Inch, (as they have been made thus ſmall) it” 
will be found by Calculation): that an Ohject in the. 
Focus of ſuch a Lens ſubtending an Angle o one Mi- 
nute, will be . re to . er ran of an. Inch in 


* 8 yy 


Angles 


4 


i er OWE" 


AER ay NE; 


Aale Er EF Wilk eitübit ſeve Wally the vari- 
os Colours of the Prifm; and conſtituts 
1 interior Bow in the Cloud. ; 
Ir the Beam go not out of the | Drop at 
"Gy But is reflected (a ſecond time) to H, 
andi is there refracted in the Direction H 8, 
making the Angle 8 VA with the intident 
Ray AN, it wil paint on the Part H the 
' feveral Colours ef Light, but in an inverſe 
Onder to the former, and more faint, by 


' reaſon, of the Rays loſt by the ſicnd Rü. 


 feftion.. It has been found alſo, that the 


leaſt Angle SG O, or GOP, under which, 
the leaſt refrangible Rays can come to the 
Eye at O, after two Reflections and two 
Refractions, is 50 Deg. 57 Minutes; and 
the leaſt Angle HOP, under which the 


| Lane E the Diameter * a particle leſs. 
| than the Diameter of any colour'd. Particle (except 
- thoſe of the Firſt Order) will be viſible in the Focus of 
| fucha Lens: And therefore the Particles of all colour d 
Bodies would become viſible by ſuch a-Lens, were it 


not that Particles equally thick appear of the ſame. Co- 


Jour, and all ſo very ſmall. are tranſparent; whence, 
: though they are big enough to be viſible, yet we may 


6 want a Difference ot᷑ Colour, and ſome other Means, to 


render them diſfinct,, and capable of being viewid ſe- 
Fin tely from each other. Sir Iſaac Newton thinks the 
Di 


iſcovery of thoſe Corpuſcles by the Microſcope will 
be the 7 of gk mprovement . Science: For it 


rH impoſfible to ſee the more ſecret and noble Works 


of a | wile. the - 


n ES 


"Corpſes by: Foul of their 


moſt 
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, Len and Colos. 
| moſt refrangible Rays can come to the Eye 
all the Colours of the exterior Bow will be 
| formed in the Drops from G to H, which. 
is the Breadth of this Bow, vis. 3 Deg... 
10 Minutes; whereas the Breadth % the 
other, viz, EF, is but 1 Deg. 45 Minutes, 
and the Diſtance between the Bows, viz. 
FG, is 8 Deg. 55 Minutes. And ſuch, 
would be the Meaſures of the Bows, were 
the Sun but a Point; but fince his Body 
ſubtends an Angle of half a Degree, it is 
evident, by ſo much each Bow will be in- 
creaſed, and their Dane. dimin iſhed. 
(CXXIIL) | 


XXIII. Y 1. n explain'd the Dogrine of the 

ai ent Refrangibility of the Rays of Light, and the 4 
 Theery of Colours conſequent thereupon, it will now be f 
eaſy to explain and underſtand: the natural Cauſe af the 
Reainhow, whieh is wholly owing to the above mention d 
Property of Light. For though it was, by long Ob- 
ſervation, known to proceed from the Sun's ſhining up- | 
on the falling Drops of Rain; and even before Sir aa 4 
Newton's Time it was difcover'd to be the Effect of the 
Sun's Light ſeveral times refracted and reflected in the 

aqueous Globules; firſt of all by Antonius de Dominis, © 


: Archbiſhop of Spalato, i in a Book: Publiſhed 3 in the Tear | 5 


1617, and after him by 0005 Vet no one ct 

ever account for the Dive 

verſe Omer in the two Be c giye a direct Method . 

of Calculation, before Sir Iſaac Newton. | _ 
2. To apprehend” rightly. the different Affections of” 

this remarkable Phenomendn, e -we- "RI abs W 4 

following Pa Particulars... arfta. 4 — 


of Colours, and their in- 


367 
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7 t 
XI. VIII. as the Ray AN; thoſe which fall nearet. to B, or far- 


Fig. 2. 


AKI. 


Fi 1. 


= ; Of 5 TIT a A beh. 1 0 
H ALO's: are formed by Rays of Light 
coming to 8 8 after two Refr actions 


CY 


de 3: IPA Dy 1 . aüd indfleGted Light of e 
3 falling on the Drops of Rain, yet neither of them 
produced by any TO falling on any Part of the 
Drop indifferently, but by thoſe only which fall on the 
Surface of the Drop BL QG in or about the Point N, 
ther towards L, being unconcernedin' this Production. 
3. Secondly, The internal Bow is produced by two 
'Refraftions and one Reflection. The firſt Refraction 
is of the incident Rays extreniely near AN, by whicti” 
un proceed from N to one common Point or Focus at 
F, from whence they are reflected to G, and are there 
a fecond time refracted towards R, and produte the 
various Colours of the faid Bo Ww. 
4. Thirdly, There is a Neceſſi "abi. en Re, 
' ſhould be refracted together to the Point F, that being 
reflected together from thence to G they may there g 
: out parallel, and fo come in Quantity ſufficient to excite 
the Senſation of Colours in a ſtrong and lively Manner. 
Now; thoſe Raz ys, and. thoſe. only, which ate incident 
on the Globule about the Point N, can do n as. will 
appear from what follows: For, ON 
. 6. Fourthly, The Point F makes aw: Arch QF. 5 
| Maximum, or the Diſtance QF from the Axis of the- 
Drop 8 is greater than any other Diſtance. from 
ibence any other Rays nearer to the Axis, as 8 D, 
| 


SE, or farther from it, as S H, SI, are reflected; be- 
cauſe thoſe which are nearer after the fiſt Refraction 
tend to Points in the Axis produced more. remote than - 


that to which the Ray 8 N tends; 4 8 and therefore as 
their Diſtance from the Mis increaſes, ſa-likewiſe will 


| the Diſtances of theis Points of Refletion Tb. QO, 


till the Ray becomes N; after which the Rays more 
remote —— the Axis, as SH, $1, are tefracted towards 
the Points X V, which are nearer and... nearer to the 
[0983.8 and * dee kahn ef Reb ion on 
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Of Lion and Colours, 


through Drops of Rain, or ſpherical Hail. 
ones; which Light ought to be ſtrongeſt 


the fartheſt Side of the Drop to decreaſe again from F 
towards Q. Det 1366 e 45 ee 
6. Fifiby, Hence it will neceſſarily happen, that 
ſome Rays above and below the Ray S N will fall up- 
on the ſame Point as O or P, on the fartheſt Side; and 
for that Reaſon they will be ſo reflected from thence as 
to go out of the Drop by Refraction parallel to each 
other. Thus let 8 E below, and SH above the Ray 
'SN be refrafted both to one Point O; from hence 
they will be reflected to M and L, and will there 
emerge parallel, tis true, but alone; being diveſted of 
their intermediate Rays 8 N, which going to a diffe- 
rent Point F will be reflected in a different Direction 
to G, and emerge on one Side, and not between thoſe 
Rays, as when they were incident on the Drop. All 
which is evident from the Figure. | 
7. Sixthly, As this will be the Caſe of all the Rays. * 
which are not indefinitely near to S N, it is plain, thae 
being deprived of the intermediate Rays, their Denſity 
will be ſo far diminiſhed, as to render them ineffectual 
for exciting the Senſation of Colours; and they are 
therefore called In fi. a ion Rays, in Contra-diſtintion 
to thoſe which enter the Drop near SN, and which, 
having the ſame Point F of Reflection, are not ſcatter'd 
like the others, but emerge together at G, fo as to 
conſtitute a Beam G R of the ſame Denſity with the 
incident Beam SN, and therefore capable of exhibiting 
a vivid Appearance of Colours, and for this Reaſon are 
called E acious Kays. = 5 175 
8. Theſe Things premiſed, we ſhall now ſhew the 
. Mathematical Principles on which the Calculations re- 
lating to this Phænomenon depend, according to Dr, 
Halley's moſt elegant and eaſy Conſtructions a little ex- 
plained and facilitated by Dr. Morgan, late Biſhop of 
Ey. Let SN, 5s», be two of the efficacious Rays in- 
cident upon a Drop of Rain; theſe when refracted to 
the ſame Point F, and thence reflected to G, g, will 


of Lienr and FINE 
at the Diſtance of about 26 Degrees from 


the Sun or Moon, or ſomewhat leſs, if the 


hive, the Pariacoridhia- the Deen en o Side N 


F, equal to thoſe on the other Side, FG, F g, from 
the Nature of the Circle and the Angles of Incidence 


CFN, CF x, being equal to the Angles of Reflection 
CFG, CF g. Since the Parts within the Drop are 


equal and alike ſituated, they will alſo be ſo with it 
and therefore as the incident Rays SN, 8, are ſup- 
— parallel, the ee * G R, 87, will be 
O t00. 
9. From © the Centre Sor the Radii C N, c n, 
© F; then is CNF = CFN the Angle of Refraction, 
and the ſmall Arch Nu is the naſcent Increment of the 
Angle of Incidence B CN; and as it meaſures the Angle 


at the Centre NC, it is double of the Angle at the 


Circumference NF n, which is the naſcent. nerement 
of the Angle of Refraction NF C. 

10. Again: Let the Ray SN enter the lower part 
of the Drop. and be twice reflected within the Drop at 


F and G; then is the Ray NF = the Ray FG, and 
the Arch NF = to the Arch FG. Draw ye parallel 


to F G, and it will be the reflected Part of ſome Ray 
$3, whoſe . the Drop is fuch as obliges it 
to croſs the Ray NF in its Refraction, as it muſt do if 


it be a little more oblique than 8 N, (by Art. 6.) Then 
ä alſo will the Part be and the Arch "f=f's, and 


LEH Theckire,- 2Ff=(.f4.Ggs == the Arch 


FG— the Arch fg = the Arch N F—the Arch nf 
=) Nn — FF; aaa NA S3 FF, Phat is, 


the naſcent Increment of the Pa, of Incidence. is 
equal to three times that of the Angle of Refraction. 
After a like Manner you proceed to ſhew, that after 3, 

4, 5, Cc. Reflections, the Increment of the Angle of 


Incidence will be 4, 3, 6, &c. times * chan Hay . 


.of the Angle of RefraQtion. 


12. Hence, in order to find: the Angle of 1 8 


3 of an icacious Ray, after any given Number of Re- 


4 


* 


hs aid 


} 


_ fad Hail-ſtones be a little flatted, as often 
they are. Theſe Hals, if the Hail be 2 


and Refraction propoſed; and if we ſuppoſe the Line — 
AC to move about the Point A in the Plane of thoſe * 8. #* 


fflections, we are to find an Angle whoſe naſcent Inere· 


 Grated. : 


_ cular Arch Cc; and when AC is arrived to the Situa- 
 =ABC+CAB, and the Angle Acd= ABS 
c AB. Wherefore. the Exceſs of Acd above ACD, 
Be and CA c. But ſince the Angle A c C differs in- 
the Diameter A C ſhall paſs through the Points D and 


the ſame Arch Ce of the ſaid Circle) will be equal. 
Wherefore the Increment of the Angle ACD is equal 


Ded and D Be are as their Sines, that is, as their op- 


OD. infinitely ſmall. But BD: CD DE: DA 


to the Increment C Be of the Angle ABD (gene- 


14 Hence, having given the Ratio of the Sine f 
Incidence I, to the Sine of Refraction R, we may find Fig. 5. > = 
the Angles of Incidence and Refraction of an efficacious =» -Yx 
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ment has the ſame Ratio to the Increment of its cot» 
reſponding Angle of Refraction, generated in the ſame 
Time, as the given Number of Reflections (v) increaſed - 
by Unity has to Unity; that is, in the Ratio of a2 41 .. - 
to 1. Now thoſe Increments are as the Tangents | 
of the reſpeCtive Angles directly; as is thus demon- 


13. Let ACD, ABD, be the Angles of Incidence p & - 


Angles, the Extremity thereof C will deſcribe the cir= -. x 1 
tion Ac, the Line BD will be thereby removed into 1 
the Situation B 4. Draw cD; then is the Angle ACD 
or the Increment of A C D, is equal to both the Angles 
finitely little from a Right one, a Circle deſcribed on 
e; and therefore the Angles C Ac, C Dc, (inſiſting on 


to CB: +CDc=Dcd But the naſcent. Angles | = 
polite Sides B D and De = DC, becauſe of the Angle 

(the Line B E being parallel to AC) :: Tangent of the 

Angle (E BD =) ACD: Tangent of the Angle ABD. 

Therefore the Increment Ded of the Angle A CD is 


rated in the ſame Time) as the Tangent of the former - 
to the Tangent of the latter directly... 0 
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of a and n 


duly figur d, will be colour d, and muſt 
then * red within by khe leaſt re- 


Ray, dies any given Number (=) of Reflections, thus: 
In any Right Line A C, let there be taken AC: AD 
:: I: R; and again, AC: AE :: n ＋ 1: 1. Upon 
the Diameter E C deſcribe the Semicircle EB C; and 
on the Centre A with the Radius A D deſcribe the Arch 
DB, interſecting the Circle in B. Draw AB and BC; 
then let fall the Perpendicular AF on CB comttiued 
out to F. So ſhall A BF and ACF be the Angles of 
Incidence and Refraction required. 
15, For drawing BE parallel to A F, the Triangles 

Ab and ECB are aoilar Now the Sine of the 

Angle AB Cor ABF is to the Sine of A CB as AC 
to AB = AD, that is, as I to R; therefore if A BF be 
the Angle of Incidence, ACF will be the Angle of 
Refraction. Moreover, the naſcent Increment of ABF 


is to that of AC B (generated in the ſame Time) as 


CF to BF, (by Art. 13.) that is, as C A to AE, (by 
ſimilar Triangles) that is, as n+ 1 to 1 by Conſtruc» 
tion. The Ratio therefore of the naſcent Increment of 
the Angle of Incidence A BF, to that of the Angle of 
Refraction A C B, is that which is required in the Angles 
of Incidence and 'Refraction of an efficacious Ray, after 
a given Number of Reflections, (in Art. 12.) Conſe- 
quently the Angles ABF and A 5 F are thoſe N 
. EZ. 2. 5 


16. From this Conſtruction we dh deduce 855 Iſaac 


Amos Rule for finding the Angle of Incidence A BF 


wt 148, 149. of his Optics, thus. We had AC: 
: alt R, whence A C=x > XAB. Allo CF: 


BPA +1: 1; therefore Gy PI X BF, or 
(putting # + 1 =m) CF n Xx BF; and becauſe of 
the Right Angle at F, it is ACG—CF =AB— 


BF) ken FB = AB*—— BF: ; 


ett oY 


brust. 


0 Liohr e 


[© LOURS. | 


A Rays, and blue without 15 the 


moſt refrangible ones. 


and therefore m* p B. — 7 B* = 1% A B 


ER Ln 


and conſequently $5 WP ON 


Hence, becauſe in the firſt kow the Ray emerges 


ale one Reflection, we have n 1, m 2, m* = 4, 


m — 12 33 therefore = RR. II RR. AB 


"BE : Raffles: Co-Sine of the Angle of inch ene 1 


the facond Bow, where there are two Reflections, m*— 
1=8; whence /8RR:V 1I—RR: AB: BF. 


In the third Bow, after three Reflections, m* — 1 = 1 35 
and / 15RR: VII- RR: AB: BF; and fo on 


for any given Number of Reflections. 


18. To find the Values of I and R, it muſt be re- 


membered, that the Ratio of the Sines of Incidence and 
Refraction was ſhewn to be conſtant, (in Ann t. XVII. 
13.) and therefore their Exceſſes in divers Sorts of Me- 
_ diums are alſo in a given Ratio. Thus it was ſhewn, 

that in the leaſt refrangible Rays I: R :: 50: 77, out 
of Glaſs into Air; the Exceſs of R abous is here 27. 
If the Re raction be made out of Rain-Water into Airy 


then it is I: R 3: 4 very nearly for the leaſt refran- 


gible Rays; the Exceſs here is 4 — 3 2 1. Wherefore 


ſay, As 1: 27 :: 3:81: 


to 108, in the leaſt refrangible Rays: And if to the 
leſſer Sine you add the given Differences between thoſe 


Sines out of Glaſs into Air for all the other Sorts of 


Rays, viz. 271, 274, 271, 275» 271, 274, 28 ; we ſhall 
have the ſeveral Values of R for thoſe Rays, viz. 1085, 
' 108%, 1085, 108+, 1083, 1085, 109. 


19. But ſince the Reftaction here is not out of Wa- 
ter into Air, but the contrary, we. ſhall have the Va- 


lues of I and R interchanged; or they vill ſtand for 
the ſeveral Sorts of Rays as below. 


"Bbq. © "Tux 


* 7 # 


: 4: 108. Whenceit appears, 
that the Sines I and R out of Water into Air are as 81 


372 of Liehr ant sei 
duly figur d, will be colour'd, and muſt 
then 9 red within by khe leaſt re- 


Be l any given Number (#) of Reflections, thus: 
In any Right Line A C, let there be taken A C: AD 
z: I: R; and again, AC: AE: n: 1. Upon : 
' the Diameter E C deſcribe the Seiniciele EBC; and 
on the Centre A with the Radius A D deſcribe the Arch 
DB, interſecting the Circle in B. Draw AB and BC; 
then let fall the Perpendicular AF on CB continued 
out to F. So ſhall AB F and ACF be the A of 
Incidence and Refraction required. 
5, For drawing B E parallel to A F, the Triangles 
ACF and ECB are fimilar. Now the Sine of the 
Angle AB Cor ABF is to the Sine of A C B as A C 
to AB = AD, that is, as I to R; therefore if A BF be 
the Angle of Incidence, ACF will be the Angle of 
f Refraction. Moreover, the naſcent Increment of ABF 
4s to that of ACB (generated in the ſame Time) as 
CF to BF, (by Art. 13.) that is, as C A to AE, (by 
ſimilar Triangles) that is, as n+ 1 to 1 by We 
tion. The Ratio therefore of the naſcent Increment of 
the Angle of Incidence A B F, to that of the Angle of 
Refraction A C B, is that which is required in the Angles 
of Ineidence and Refraction of an efficacious Ray, after 
a given Number of Reflections, (in Art. 12.) Conſe- 
quently "ay Angles ABF and A 8 F are thoſe Tones. 
7 E. 
45 . 6. From this Conſtruction we eaſil deduce Sir Iſaac 
Newtor's Rule for finding the Angle of Incidence A B F 
in p. 148, 149. of his Optics, thus. We had AC: 


/ AB:: 1: R, oberer A RAR. Alſo CF: 


BF :: 1 14111 therefore CF AI IX BF, or 


f 5 115 (putting # + 1 = m) CF=mXBF; Th becauſe of 


the Right Angle at F, it is AC*— CF: = A'B* = 
BF, ! 


r 


We  frangible 


2 ; ; f / 
8 s £7 25 5 8 x br, * 1 f 
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* Of LicnT and cb 


fran zible Rays, and blue without oy the 
moſt refrangible ones. 


and therefore m* F BY — F B* = Wok AB — 1A BY; 4 
F B II- RR 
and Se 2. Ih = MM —= TE IF 


Hence, becauſe in the firſt bow the e Ray emerges 
| had one Reflection, we have n = , M 2, m* A, 


m - 12 33 therefore /3RR : II RR; AB 


: BF :: Radius: Co- Sine of the Angle of ind In 


me e Bow, where there are two Reflections, m. 


1=8; whence I 8 RR: VII RR: AB: BF. 


In the third Bow, after three Reflections, m* — 1 2 153 : 


and Ig RR. VII- RR: AB: BF; and fo on 
any given Number of Reflections. 

18. To find the Values of I and R, it Ry be re- 
Re 6 that the Ratio of the Sines of Incidence and 
Refraction, was ſhewn to be conſtant, (in Ann t. XCVII. 
13.) and therefore their Exceſſes in divers Sorts of Me- 
diums are alſo in a given Ratio. Thus it was ſhewn, 
that in the leaſt refrangible Rays I: R :: 50: 77, out 
of Glaſs into Air; the Exceſs of R abovaT t is here 27. 
If the Re fraction be made out of Rain- Water into Air, 


then it is I: R 3: 4 very nearly for the leaſt refran- 


"% 2 7 3 P * 2 
* 1 


gible Rays; the Exceſs here is 4 —3 = 1. Wherefore 


ſay, AS1:27 :: 3:81 :: 4: 108. Whenceit appears, 
that the Sines I and R out of Water into Air are as 81 
to 108, in the leaſt refrangible Rays: And if to the 
ons Sine you add the given Differences between thoſe 

ines out of Glaſs into Air for all the other Sorts of 
Rays, viz. 271, 274, 27% 275, 277+ 273, 28 ; we ſhall 
have the ſeyeral Values of R for thoſe Rays, viz. 108 if 
1085, 1085, 1083, 1083, 1085, 109. | 

109. But ſince the Refraction here is not out of Wa- 
ter into Air, but the contrary, we ſhall have the Va- 


lues of I and R interchanged; or they will ſtand for 
the ſeveral Sorts of Rays as below. . 


* 1 


* 


e's ow” 
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1 2 22 ig. . 
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3 : 4 by 5 
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of War ant Coroun TH MB. 


Tax Reaſon why there is always a de- 
terminate Angle for exhibiting the Bows,” 


For the Red, I: 8 11 : 81 Extreme. 


For the Orange, 1: R:: 1084: 8 Beginning. 
For the Yellow, I: R:: 10857: 81 Beg. 
For the Green, I: R:: 1087: 81 Beg: 
For the Blue, I: R:: 1084: 81 Beg. 
For the Indigo, I: R: 108; : 81 Beg. 
For the Violet, I: R:: 1083 : 81 Beg. 
For Violet, I: R:: 109 : 81 Extteme. 


20. Wherefore in the leaſt refrangible Rays, ſince I = 
108, H=11664; alſo R= 81, and RR 6561, and 


24 ©* 0 


1. —R = = $2033 V 3RR=140,3, and L- — N 


= 7154. 1 herefore ſay, (by Art. 17.) 


. ARR 240,39 = 2,147045 
. bs —R* = 71,4 = 1,353913 
So is Radius "0 ts, 989 10, oc oo 
To che Co-Sine of the . 


Ry Angle of Incidence : B A F= In 30* 37= 9.7068(8 


21. Hence the Angle of Incidence A BF is 59" 2, 
in the Red or leaſt refrangible Rays. Wherefore in the 
Drop of Rain whoſe Axis is S Q, if we make the Arch 
BN = 59? 23', we ſhall have SN the leaſt refrangible 
Ray. Having given the Angle of Incidence, and the 
Ratio of Ito R, we bare alſo given the Angle of Re- 
fraction: For ſay, | 


The” i = 108 = 2,033424 
Alto XS 81 8 988485 


80 1 is the Sine of Incidence l 9.934799 


: 10 the Sian the dagleof Ref. 4$0*13 = 9 709575 
22. Therefore, making the Angle C NF = 40% 12 
NF will be the reſracted Ray; which at F is reflected 

into FG, and at G emerges in GR. Produce the in- 


cident and emergem Rays SN and RG till they inter- 
ſect each other at X; and as CF biſects the Angle 
NFG, ſo when produced i it will biſect the Angle S X R. 


ä ” wor 


” 


of Lienr and Corouns, = 


or Hall's, is becauſe there is but one 


7 "Year Point Nin all the Part of the Drop 


Then CFN = CXN+FNX, but FNX=CNG 
— CN F or CF N; therefore CF N = CXN + 


CNX CFN; that is, 2CFN— C NXS CXN. 
Or 80 24 — 97 2/ 21 01' = CXN; therefore 
.2CXN=SXR= 40% oL, which is the Meaſure of 


the Angle that the incident and emergent Rays, which 
are the leaſt refrangible, contain with each other. 
23. If inſtead of the Ratio 108 to 81, we take that 


of 109 to 81, we ſhall find the Values of V 3RR and 


V T—RE* fuch as will give the Angle of Incidence 
BON, or the Arch BN =58* 40”, and the Angle 


"SXR'= 40 17, which will be the Caſe for the moſt 


refrangible, or extreme Violet Rays. 
24. If the Ray be twice reflected, viz. at F and G, 


as in the Production of the exterior Bow, and eme 


at H in the Direction H A inter ed ing the incident Ra 


S N in Y; then we may find the Angle AYS, which 
thoſe Rays contain with each other, thus. Produce 
A H, till it meets G X produced in R; then i in the Tri - 


angle HG R, the external Angle H G XS H RGA 


GHR. But hecauſe of equal Angles of Reflection at 
F and G, it is GHR=FGX; therefore HG X 
FGX=HGF= HRG=2CGForCNF. And ED 
(in Art. 22.) we had SXR = 4 CNF—2CNKX; .. 
therefore in the Triangle V X R we have the two inter- 
nal Angles RX (NF —=2CNX= the ex- 


ternal Angle at V, viz. A TM 
25. In this Caſe to find the Angles of Incidence and 


Refraction, we have 8 RR. I RN Radius 
the Co- Sine of the Angle of Incidents; whence the 


aid Angle of Incidence will be found 712 50 e. 


And as 108 81 :: Sine of 71? 500: Sine of 4.5% 27 = 


CNF the Angle of RefraQtion ; therefore 4527 X 6 


— 2X 71 50 = 1299 h = A YN, and therefore its 


Complement A VS = 50 58 the Angle required, for | 
the ca refrangible Rays. 
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Angle AYS= 54 10“. After this Mann 


7 75 


0 Laopr: Fu” 8 


0 * But for the moſt reffangihle Rays, where . NR 


109: 81, we have the Angle of Incidence 7 10 267, and 


the Angle of Refraclion 34 47“; and threfore the 

r you pro- 
ceed to calculate the ſame Angles after three, four, or 
more Reflections; but becauſe. the Beam in being ſo 


often reflected loſes ſo. many of its Rays, that the re- 
maining refracted Part is in general too faint to excite 
the Idea of Colouts, we paſs it by, and proceed to ap- 
ply what has been ſaid to account for the Phenomena of | 
the Bows, which fo ſtrongly-ftrike the Eye; the prin- 
3 whereof here follow. 
The Fi-ft is, That: 1 rs ee ith all the 

. Priſmatic Colours. This is a neceſſary Conſequence of 


the different Refrangibility of the Rays refracted and re- 


flected in Drops of falling Rain. Let A be ſuch a Drop, 


SN a Ray entering it at N, which is refracted to F, 
from thence reflected to G, where, as jt emerges, it is 
refracted into all the ſeveral Sorts of Rays of which it 


is compoſed, wiz. G R the leaſt refrangible or Red-mokt- 


ing Ray, G O the Orange, G Y the Yellow, G G the 


| 8 8 B the Blue, Gl the Indigo, and G V the Vi- 
olet or moſt refrangible Ray. 


28. Now we, have ſhewn ( Art. 21 23.) ice the | 


AngleSFR is to the Angle SF V as 422 O24 to 40? 170 


the Difference whereof is the Angle VGR = 10 45", 
Through this Angle all the original Rays are diffuſed ; 


and though the Angle be ſmall, yet at a great Diſtance 
it ſpreads to a conſiderable Width and therefore by 


coming from the Drop A to the Eye of a Spectator at 
A, they will be ſufficiently ſeparated, and fall upon the 


Eye ſingly, each Sort of Rays by themſelves alone. 


2209. Hence, were there only one Drop 4, the Eye at 


A would ſee only one Colour in that Drop, viz. the 
Red, by the leaſt reſrangible Ray GR; the others, 
GO, GY, Sc. being refracted above it, as is evident 


Wet in the Figure, If now we ſuppoſe this W to 
F for 


N B and L, where the Rays AN can 
enter, ſo that after a. ſecond Refr action at 
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Of Liehr and Colours, 
F for Halos, or Reflection at F and G for 
the Bows, there can enough go out toge- 


deſcend to the Situation B, then would the Orange- 
making Ray GO fall upon the Eye continuing in A, 
and then the Drop would exhibit an Orange Colour. If 
after this it ſhould fink down ts C, the Vellow- making 
Ray G Y would enter the Eye at A, and excite the 
Idea of Yellow in the Drop at G. And fo continually, 
if we ſuppoſe the Drop to ſucceed to the ſeveral Situati- 
ons D, , F, G, the other more refrangible Rays G G, 
G B, GF, GV, will fall upon the Eye ſucceſſively, 
and raiſe the Senſation of their proper Colours, Green, 
Blue, Indigo, and Violet when the Drop is at G. 
230. The Truth of this may be eaſily proved, by Ex- 
periment, by ſuſpending a Glaſs Globe fill'd with Wa- 
ter in the Sunſhine, and viewing it in ſuch a Poſition 
that the Rays SN which fall upon it may emerge to the 
Eye at A, under the ſeveral Angles from SFR to 
8 FV; which may be eaſily effected by letting the 
Globe deſcend from 4 to & by a String going over a 
Pulley. And this was the famous Experiment of Anto- 
nius de Dominis and Des Cartes, who by this means con- 
firmed the Truth of their Doctrine of the Rainbow, 
which had been demonſtrated mathematically. - The 
ſame Thing may be alſo ſhewn, if the Globe be at Reſt 
at 4, and the Eye be raiſed from R to V. 1 ©; 
31. If now, inſtead of depreſſing the Drop from A 
to G, we ſuppoſe a Drop placed in each Point A, B, C. 
D, E, F, G; then theſe will ſeverally ſend an original 
Ray to the Eye, according to their Situations in reſpect 
of it. Thus the Drop in A will refract the Red-mak- 
ing Ray GR; the Drop B will refract the Orange 
Go; the Drop C the Yellow G Ji and ſo the other 
Drops D, E, F, G, will by the Rays Gg, Gb, Gi, 
| G v, excite the ſeveral Colours, Green, Blue, Indigo, 
Violet, all at the ſame Time; and therefore all that 
Part of the Rain from 4 to G will appear variouſly co- 
Joured, as is repreſented in the Scheme, 


ther 


& * 


. Of: beer and n Sh 
"thief at G or H, to form a ſtrong and WB. 5 
inet Image of the Sun; which Rays, 


31. Nan let 8 p Om A Tine A through the Spec- 
tator' s Eye at A, parallel to the Sun's Rays SN, and 


conceive the ſeveral Rays G R turning about the Line 

AP as an Axis, and always under the ſame invariable 
Angle GRP; *tis evident, the Extremity of each Ray 

would in the Cloud or Rain deſeribe a Circle whic 
woyuld be the Baſe of a Cone whoſe Axis is AP, od 


its Vertex A; and for the ſame Reaſon that the Drop A 


.excites the Seafarion of Red, every Drop in the Circle 


deſeribed by the Extremity of the Ray G R will excite 
the ſame Senſation; thus will a red circular Arch 4 H 
be formed as far as the Rain extends. Next to that the 
Ray B A, by revolving, deſcribes the Arch of an Orange 
__'Colour, as BT; the Ray CA will in like manner trace 
out the Yellow: Circumference, as CK; and ſo of all 
{the reſt, as repreſented in the Fgure. 

32. Hence the Second Phæn menen, viz. the . 
Hum is accounted for; and alſo: the Third, which is 
the Breadth 4 a Bw; for that will be ehual to = | 


"Pl XLI. Angle AR RG V = +:* 45”, where the Ray, 
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= 15 ar 2 bur if it be of the red or . e 


Here, emerges . rl one Reflection. Theſe Particles 
are repreſented more compleatly in the Figure, where 
Bis the red Circumference formed by the Rotation 
of the Ray AG, chat can firſt come to the Ez ye at A; 
and Cg E is the Violet Arch formed by the leaſt re- 
frangible Ray g A; after which the Rays are all re- 
fracted below the Eye. And thus by the interme- 
diate Ways and Colours the WI: interior Dow? is , bys- 


33. be Fourth eee is the Ipsen of i 
Buds. This follows from hence, that after an efficacious 
Ray of Light 8 N, entering a Drop of Rain, has been 
gar 26%. ITY on the fartheſt Sie at F and H, it will 
emerge reſracted into all its ſimple or conſtituent Rays at 
G upon the upper Side of the Drop, ſo as to make with 


te incident Ray the Angle GV Nor S Y A = 54 ot, 


jf chat Ray be the Violet Sort, or moſt refrangible, (by 
. 


ry 
| | 25 75 
"ut $) , * 7 
"2 8 EN nd f b 5 Fe 


0 ener ad Cotouns: 


Sort, then the fajd Angle is but 588 87 =8y A" * 
Ait. 2 £3 

34. Whereſete all thoſe Drops which are G Ir tuated 
around the Eye, thut their moſt- refrangible Rays ſhall 
ſall upon it, muſt with thoſe Rays make an Angle with 
the Line AP paiſ ng qe 1 the Eye parallel to the 
Sun's Rays, 9 z. the Angle G AP; equal to the Angle 
S VA, or GAP =54* 10'. Theie Rays therefore 
will every where e hibit a Violet Colour in the Ard 


PGL. For the ſame Reaſon thoſe Drops whoſe'Teaſt 


refr;ngible Ray's Fall upon the Eye at A, make the 
Angle g AP = 50? TI and fo the Ray A 2, revolve 
ing about the Axis A . will deſcribe the circular Arch 


Mę K, which will exhibit the deepelt Red ; and all the 
Props between G and g will paint the (everal other o- 


lour'd Peripheries, al] which 9 will compleat the 
exterior Bow. 

35. 1 he b Plænemenon is the greater Ereadth 4 
te exterior Bow. Thus, if from 547 10! Wwe ſubdu 


50 5897, we ſhall have 30 12'=Gyg = the Width of 


the outer Bow ; which thereſore is almoſt twice as wide 
as the intcrior Bow. 

36. lhe Sixth Phanomencn is the Diflzvck We 
the two Bows, which is thus determined: From the 
Angle which the leaſt refrangible Ray i in the upper Bow 


makes with the Axis AP, viz. 50 58', ſuttrat the : 


Angle 42 O which the moſt refrangible Rays make 


therewith in the lower Bow, and the Remainder 80% 


bo SAF is the Arch of Diſtance between the 
ows. | ; 

"7. The Seventh a is the inverſe or if 
the Celours in th: tuo Bows. This follows from the con- 
trary Parts of the Drop on which the Ray is incident, 
and from whence it emerges and is refraded. Thus 
becauſe the Rays SN enter the upper Part cf the Drop 
and emerge from the lower, *tis evident the Rays re- 
ſradted in this Caſe (viz. in the interior Bow) will have 
a Situation quite the reverſe of thoſe which enter on the 


upper, as in the exterior Bow, whoſe Colours are Violet 
Indigo, Blue, Green, Yellow, Orange, and K ; 4 


lower Part of the Drop, and are reſracted from the 


thoſe oe the other are Red,. Orange, Yellew, Green, Blue, BOS. 
* > \ 
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Indigo, and Violet; counting from the upper Parts dow n- 
38. The Eigb h Phenomenon is the Faintneſs of the © 
exterior Bow in Cimjariſon of the interior one. This is 
the Conſequence of the Rays being twice refleted with- 
in the Drops which form the outer Bow. They who 
make the Experiment in a dark Chamber may wonder 
when they obſerve how large a Part of the Beam (that 
enters the Globule at N) goes out at F, that there 
mould be enough in the remaining Part F G to exhibit 
- the Colours ſo ſtrong and vivid in the firſt Bow as they 
appear; but then conſidering how much of this reſidual 
Ray is refracted at G, tis rather Wonder how the very 
ſmall Part refleted to H ſhould there when refracted be 
in Quantity ſufficient to excite any diſtinct Ideas of Co- 
lours at all. 9 5 
309. The Nirth Phanomenon is, that ſemetimes more 
than ituo Bows «pprar ; as in a very black Cloud I have 
myſelf obſerved jour, and a faint Appearance of a fifth: . 
But this happens rarely. Now theſe ſpurious Bows, as 
I may call them, cannot be formed in the Manner as 
the two principal Bows are, that is, by Refra@on after 
a third, fourth, fifth, &c. Reflection; for the Beam is 
by much too weak to exhibit Colours by RefraQion, 
even after the third Reflection only, much leſs would 
it after a fourth or fifih. Beſides, though after a third and 
fourth Reflection of the Rays they ſhould be ſuppoſed. 
capable of ſhewing their Colours, yet the Bows made 
thereby would not appear at the ſame Time with the 
other two, nor in the ſame Part of the Heavens, but in 
the Rain between us and the Sun, and muſt be viewed 
by the Spectator's Face turned towards the Sun, and 
not from it, as in the other Caſe. 0 
40. To account for the Appearance of theſe colour d 
Rings within the interior primary Bow, we ſhall here 
tranſcribe what the learned Dr. Pemberton has wrote up- 
on the Subject. He obſerves, tbat Sir aac Newton 
takes notice, that in Glaſs which is poliſh'd and quick- 
ſilver'd there is an irregylar Refraction made, whereby - 
ſome ſmall Quantity of Licht is ſcattered from the prin- 


cipal reflected Beam. If we allow the ſame Thing to 
happen in the Reflexion by which the Rainbow is 
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cauſed, it ſeems ſufficient to produce the Appearance.” 
now mentioned. | 3 i. . — 
41. Let AB repralonk u Globule of Water, B the 
Point from whence the Rays of any determinate Species 5 
being reflected to C, and afterwards emerging in the 
Line C D, would proceed to the Eye, and cauſe the 
Appearance of that Colour in the Bow which appertains 
to this Species. Here ſuppoſe, that beſides what is re- 
ms regularly, ſome ſmall Part of the Light is irre- 
larly ſcatter'd every Way; ſo that from the Point B, pl XLII. 
beſides the Rays that are regularly reflected from B Fi 
to C, ſome ſcattered Rays will return in other Lines, 8 = 
- BE, BF, BG, BH, on each Side of the Line 
B 5 
42. . it has been rent, ( Kubaner CXXI.) 
that the Rays of Light in their Paſſage from one Super- 
ficies to another, in any refracting Body, undergo al- 
ternate Fits of eaſy Tranſmiſſion and Reflection, ſucceed- 
ing each other at equal Intervals, inſomuch that if they 
reach the farther Superficies in one of thoſe Fits, they 
ſhall be tranſmitted ; if in the other, they ſhall be re- 
flected back. Whence the Rays that proceed from B 
to C, and emerge in the Line C D, being in a Fit of 
eaſy Tranſmiſſion, the ſcatter d Rays that fall at a ſmall 
Diſtance without theſe on either Side (ſuppoſe the Rays 
BE and BG) ſhall fall on the Surface in a Fit of eaſy * 
Reflection, and fo will not emerge; but the Rays next 
to theſe, viz. BF and BH, ſhall arrive at F and H in 
a Fit of eaſy Tranſmiſſion, and fo be a in the . 
FI and HK. 
43. Now theſe Rays will emerge, ſo as to contain 
a leis Angle with the incident Beam SN than the Ray 
CD, which was ſhewn to make the greateſt Angle 
therewith of all others whatſover: (See Art.'5, 22, 23.) 
The Colours therefore which they exhibit muſt appear 
within thoſe of the primary Bow. And if we ſuppoſe 
other ſcatter'd Rays without theſe to emerge (having 
the intermediate Rays intercepted by Reflection) re 
will contain Angles ſtill leſs with the incident Ras 8 
and will therefore form colour'd Arches ſtill within WE. > 


33 : REF 
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44: Now | 


es. Be 


13 07 L Liokr: a TTY ” 


former: And this may be conceived for Avers . 


n 


. | ap i 3 as Ne ic 

0 Refraflims ferm Arches variouſly mixed together, 
© forme of theſe by the lighter Colours may be loſt in the 
© Inferior Part of the primary Bow, and may contribute 
to the red TinQure which the Purple of that Bow uſual- 


3 has. The darker Colours of thoſe refracted ſcatter'd 


. Boys form the Arches which reach below the Bow, and 

are ſeen diſtinct; of which the firſt has a light Green, 

jr sf Green, and Purple; the ſecond has a Green and 
Purple; the third a faint Green and uaniſbing Purpic. | 

45. The Diſtances between the Bow and theſe * 


dary Arches: depend on the Size of the Drops ; ; to make 


them in any Degree ſeparate, tis requiſite the Dro 
mould be exceeding ſmall. It is therefore moſt likely; 
that they are formed' in the Vapour of the Cloud, which 
- the Air, being agitated by the Rain, may carry down 
with the larger Drops; and this may be the Reaſon why 
they never appear but under the upper Part of the Bow 
only, this Vapour not deſcending very low. As a Con- 
© firmation of this, theſe Arches. are. ſeen ſtrongeſt when 
the Rain falls ftom vefy black Clouds, which cauſe the 


z: _ hereeſt Rains} and therefore produce the e 1 1 


don of Air. Thus far Dr. Pemberton. - 
46. But to return: The Tenth 6 is, the 
| dppraronc of the Bows-in that Part of the Heavens ar- 
H pete to the Sun. This neceſſarily happens from the in- 
Ceident and emergent Ray being both on one Side of the 
Drop, for tis evident that in o der to fee the Colours, 
ve muſt look to that Part againſt which the Sun ſhines. 
47. The Eleventh Phenomenon is. that they never ap-. 


{ 


ſca ter'd 4 Bajo 1 various Refeflions 


| fear but when and where it rains. This is becauſe Rain 


_ affords aſufficient Plenty of Drops, or aqueous Spherules, 


ö N to reflect and refract the Light fit for this Pur- 


ſe, which cannot be done wing a requiſite Size, 


igure, and Diſpoſuion of the Particles, which the Va- 


gone exhibit no ſuch Appearance. . _ 5 
48. The Twel th eee is, the 8 5 the 


pour of the Cloud does not admit, and therefore Clouds 5 


e This is determined eaſily, for continuing the Axis 


. XII. AP to Q the Centre of the Bows, we have the Semi - 

Re 2. diameter of each Bow in the Angle QA, or GAG; 
e | "08 1 of 9 Sives the A which the whole 
„„ | ud — 5 | 


* 


; Fs above the Hortz:n or Sur face of ih Eartb. This is 5 


F SN. BS M, each equal to 15%, as alſo: the Angles DS. 

F A M and FAN; then will SN. be Part of =: 1 nM 
N coming from the lower Limb of the Sun, 'SMa  *' 2 
Part of a Ray mM coming from the upper Limbz and 
© fo the whole Angle NS =mS$n= 30, the Sun's 3 


0 f PETS _ Cas © - 


— the Bows ſubtend, and are . n 8 — 5 
Meaſure of- their Magnitude. 5 
49. The Thirteenth Phænomenon bs hs Lhitads of 4. e 


equal to the Angle GAT, wbich may be taken by a 8 3 
Quadrant, or it may be known for any. Time by bay. 

ing given the Sun's Altitude, which is equal to the 
Angle T AQ; which therefore - ſubducted, frem te 
conſtant Angles QA F, or QA V, will always. leave- =, 


the Angle. of the apparent Height of the BoW. _ 
o. Hence it follows, that when the Sun is inthe. 9 
Lens, the Lines QA and T A will coincide, ann 9 
- therefore the Points Q.and T; whence, in this Caſs, = 
the Bows will appear compleat demicircles.z as on the gn” 


other Hand, when the Altitude of the Sun is equal to 
the Angle QAF. =242% oO, or to Q AY = 54% nas 
the Summits of the Bows will be depreſs'd below the 
Horizon, and therefore within a certain Interval in 2 
many Days, in the nme een no Rainbow can 4 1 _ 
N e 9s 1 

51. We . hickerto, conſider. the Bos, 3 
given their Dimenſions, ſuch as they would have were 
the Sun but a Point; but becauſe the Sun ſubtends an 
Angle af half a a Degree, or 30 Minutes at a Mean, 
therefore the Breadths. of the Bows will be increaſed, 
and their Diſtance decreaſed by half. a Degree, and ſo 
the Breadth of the interior Bow will be 2 15, and that 
of the exterior one 3e 427, and their Diſtance 8 20; 
alſo the greateſt Semidiameter of the interior, Bow * 
177 and the leaſt of the exterior Bow. 5043“. 

32. For let SF A be the Angle of any one particu -: 
Jar Soldur d Ray coming from the Centre of the 8 
and reflected from the Drop to the Eye at A. In — 
SS take any Point S at Pleaſure, and make the — 


apparent Magnitude. 15 
53. Join 8 A; and ſince the dune bY the Angles . 
the B SA of the ſeveral ec A er AS 5 | 


— . 


. 0% Lice: EP CoLouks. 
- 7 AS M. are equal among themſelves, their vertical 
Angles at N, F, M, are alſo equal to each other. 
Wherefore the Angle 8 MA will be that which the 
_ Emergent Ray makes with the incident Rays 8 M of the 
fame Colour, as before, coming from the higheſt Point 
-#: of the Sun, and 8 NA of that which comes from 
che loweſt Point of the Sun 1. Therefore, if all the 
Rays of the Sun were of one Sort, the apparent Breadth 
of the Bow, meaſured by / the Angle MA N, would de 
but 30“ or half a Degree. . | 
Fi. But fince the — the un: are ene re- 
frangible, conceive the Drop F to be placed any where 
in the inward or outward Verges of the Bows (above 
deſcribed) and then it is manifeſt that the Angle FAM 
muſt be added to the Inſide, and FAN to: the Out · 
- fide of the Angles, which the Breadths of thoſe Bows 
ſubtend at A, to obtain their apparent Breadths; which 
therefore will be fach as are defined in Article 861. 
S. I deſigned here to have added Dr. Halleys 
1 | Method of diſcovering the Ratio of the Sine of Inci- 
Sg: dence to that of Refraction, by having given the Angle 
. Which an efficacious Nay, as 8 N, contains with its 
emergent Part G A; but as this Angle is determined 
only by Experiment, and the Calculation brings us to a 
Cubic Equation, I think it a Matter of too much In- 
tricacy to trouble the Reader with in this Place, eſpeei - 
ally as it is ſo eaſy to detetmine the refractive Power 
of any tranſparent Bodies, by the experimental Methods 
before deliver'd. (See Annotat. CXVII.) 
3506. I have often taken Notice (with Mr. Whiftm) - 
of the Silence of Authors concerning the Reaſon: why 
the Tris, or rather a ſtrong and deeply colour'd Corona 
does not appear about the Sun in the falling Drops of 
Rain, at the Diſtance every way of about 25 Degrees; 
decauſe at that Diſtance from the Axis, the efficacious 
Pl. XIII. Rays SN, un, po, after Reſraction into the Drop are re- 
Fig. 2. fracted a fecond Time at F towards the Eye at I. For 
5 if 8 B be the Axis of the Drop, we have ſhewn the 
5 Angle BN= 50 23" (Ari. 21. and the Arch N F = 
% -— S950 4 . the Arch F Q = 219, wherefore in 
. 'a Glaſs Globe of Water, held in the Sun's Light in a 
"Ps wt vw pri we fee a cola d. . or Corona A DF 
; | | 4 | 


—_— 
+ 


within it — 1 3 ei = 
Beams that fall on the fore Part within 60" Degrees 1 EE 
| round the Axis. - „ e n . 7's 13 8 5 * I 5 or 4 


> . * hd 2 ® 


1 whereas on the bie FDA, Where che eff 
cacious Rays fall, there all be Colour of the Row te. ap- 


the primary Bow itſelf, from this Refraction of the eff | 4 
cacious 4 in all the Drops of Rain between us and - 


din the Dripe and e e eee bo hls Wes 
_ Emergence, but will proceed diverging to the Eye at 1 _ 
in the ſeveral Directions FI, Fr, F , and therefore 5 


(produced: to G) of 38 227 for 'tis plain that 


57. But becauſe the Rays- are 7 iſcuenilly — 
blended together, they produce only a White Light; 7 — 


pear; and from thence many have wondered why we ,. =o 1 
ſee not a Circle coloured with ſtronger Tints than een 


the Sun from the Circle FD A. But we are to obſerve, 

with Mr. 7 hiſton, that the efficacious Rays SN, Sn, 
p 0, which are parallel when incident on the E are 
not ſo when refracted at their Emergence at F; for be- 
ing there refracted to one Point, they are not parallel 


* 


will not be ſufficiently denſe, and at the ſame time "——— ; 1 
much blended with abartig excite any. Senfation of 1 


lours. 

38. But at it ſhould 8 thi variegated Cirels - 
"ought to appear at the Biſtance of about 2b Degrees 
from the Sun, „ for. the refracted Ray 1 
contains an Angle FMG with the incident R — 39 "SN pl. XLII. 


MF, and therefore the Angle MNF=MEFN="" 3. 


but the external Angle S MNF . 3 
38˙ 2 and Cee this is the A of Diſtance - _ 
at vue ſuch. A 2 88 mult appear all We he Ln - 5 = 


_ Schi . "56:54 ba 


CNM=CNF=x5 1118 40 12" = LAG LE 1173 7 


PRE  ErAION 


Article 5. it is aſſerted, that the ns - 2, 
3K Abe the Arch QF a Maximum by ite re- N 8 
85 Part ND. To prove this, det Radius CN pf. XII. 
CB= 1, the verſed Sine BA = x, and CD= Nen. 3. 
"TD of the Circle QB: 'BN: „BN. AB; 


fore and 24% S ie of the | N . 1 E 
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ob, we have ND SN OD az;  Hkewife 


the fimilar Triangles BN Dand F QD, we haue ND: 
. "that is, an: r 1: 


: Sy; N 
SW; ” ; k * n . 


by 5: Tra Value wa is to de Getermined te to a Mar- 
imum; m; in order to this we EN the given Part 


8 and take the variable Part 2 xs. = 
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55 SW = J%0ſͥ SED ot Eo ity offs 
61. We muſt now and another Value of 2 in order 
to exterminate it, which we find from the ri angled 
Triangle NAD; where ND* = A N*+AD>; ne 
is, a*2* = 2*+ 2 z—2x2+ I, which i in Fiexions is 
az eee 2 + S* 23 therefore * 


a | + 533.4 
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Incidence and Re Reſradion ʒ then becauſe 1: 2 R: „ND: 


— Or 


4 


on 'Cotouny. 


2 thejeſdes: entering: at te Point N, are called 
. Efficacious Rays, to diſtinguiſh them Tom, 
thereſt which. are ineffectual N 4 


"= By ning this Value of _ into pA Equation 7 


4 =x 4222 * we 8 this Equat , 
3 | 


Vie r= Xa And fince in 
ca of the leaſt refrangible Rays, we have e : 


1 
| In 
ede = = 964 = =CD; tad A B= TRY" 


the verſed Sine of the Angle BCN= 599 27, the 
ſame _ was found before i in Article 21, - Alſo if we put 


a „= 2 (See Art. 19.) we ſhall have the Angle BCN 


2 58˙ 40 for the moſt t reſrangible Rays, as in A. 
nel 23. 


63. Alſo we get the Value of QF SS _ 


ES which is the Chord of 210 on” — =QCF, 
as was before ſhewn, Article 36. Hence all the Parti- 
culars relating to the principal Bow are eaſy to be under- 
ſtood ; and this is an egregious Inſtance of the extreme 
VUſefulnefs of the Fuuxioary Calculus in Natural Philo- 
fophy. This noble Theorem was firſt given us by Mr. 
12 in his e on Sir 1ſaac Newton's Qua- 


2 A BN Q vere a f bf Glaſs, then a= 
, CD=z= 1,5492, and the Arch BN 499 48; | 


"ao the Arch QF =31* 22. Some other conſiderable 
Uſes, which may be made of this Theorem, will be 
. conſidered i in the next Lecture of Optics, 
(CXXIV.) 1. Congerning the Production of Ha- | 
hots. our illuſtrious Author has left us to make the beſt 
| nn AN th es ren laid RS 


G * * 
GY A "IF Kb ws . 


e \% Na 


* 


N of this hn Omenor that can be of any Service to help 5 


$ in this Diſquiſition. He intimates, indeed, that Ha- 


lo's are formed by the Light which comes through the Drops 
of Rain h two Refrattions (viz. at N and F) without any 


-fleftion ; but how this can be is not eaſy to conceive. 


Pl. XLII. We have ſhewed that a Rainbow or deeply coloured 
Fig. 3. Ring might have been expected at the Diſtance of about 


the Angle ] 


38 ees from the Sun, and alſo why it cannot hap- 
7 2. For the ſame Reaſon we ſhould alſo not expect an 


% 


Halo to be formed by the ſame refracted Rays, viz. on 


Account of their not being refracted parallel to the Eye, 
and conſequently. not entering it denſe enough to render 


that Part of the Heavens more luminous than the reſt, 


or to produce the lucid Ring we call by this Name. 
Again, Sir Jſaac ſays, it ought to appear an at the 
Diftance of about 26 Degrees from the Sun (viz. when 
the Angle I M G = 26 and to decay gradually both ways. 
But though our Author did not undoubtedly aſſert any 
Thing without very great Reaſon, yet this not ap- 


ö * 


3. For that the A ngle IM G may be 26 Degrees, 


the Angle of Incidence B CN muſt be about 46, and 
then the Angle of Refraction CN F will be near 33 
Degrees; but why ſuch an Incidence and RefraQtion 


ſhould cauſe the Rays to be refracted in greater Plenty 
to the Eye than any other, does not appear to me, nor 
can I find I", any Experiment. On the contrary, as 

G increaſes with the 2 of Incidence, 


and conſequently with the Angle of Refraction, it is 


evident that with reſpect to heterogeneal Light, the 


greater the Angle IM G is, the more will it be reftacted 


and ſcattered; and conſequently, the farther the Drops 


are ſituate from the Sun, the leſs denſe will be the Light 
tranſmitted by Refraction to the Eye, which therefore 
ought to decreaſe as the Diſtance from the Sun increaſes. 


4. As Sir Iſaac Newton has ſaid but little, ſo his Ex- 
poſitors, D. Pemberton and Dr. eee e have 


thought fit to be abſolutely ſilent on this Head. Mr. 


but 


. 
* 


Hugent has advanced an Hypotheſis by which the PE- 
nomenen may be ſolved, if we grant him all his. Peti- 
tions. And ſince none of our great Philoſophers, not 
even Sir //aac himſelf, have undertook to diſprove it, 
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but on the con ſeem. rather to approve 


of it, an 
Sir Iſaac in his Optics, and Dr. Smith, in his has 
adopted the ſame entirely; I think upon theſe Accounts, 
and conſidering the Character of — great Author, the 
Reader will be pleaſed to have nnn 
ciſe Manner repreſented. to hin-. 927 
0 vs bad» is, That there are certain Glue 
in the Atmoſphere comſſting of. a Coat or Shell of tranſparent 
Ice or Water, containi une Nucleus EY witb- 
25 and that Souls are made from Particles of — 
which is in itſelf opake) attracting the aqueous Par- 
ticles in the Vapour or Exhalation _ which it is ſuſ- 
tained, which gathering together — the pellucid Shell 
of Water, or are frozen into a cryſtalline Shell of Ice; 
and this he thinks is proved to be Matter of Fact by the 
Hail-ftones which fall to the Eearth, for theſe (ſays he} 
when broken do diſcover ſome Snow at the Centre. 
6. Theſe Things premiſed, he addreſſes himſelf to 
the Solution as follows: Let AB CD repreſent ſuch a 


Globule, with the opake Nucleus E F in the Middle of Plate 


it; and let us ſuppoſe the Rays coming from, G, H, to 


ow. 32 - 

3 , 

* 5 2 $ 
5 5 , 


fall on the Side A D. It is manifeſt they will 'be-re- Fig. + 


fracted inwards from the Surface A D; from whence it 
follows, that a great N umber of them muſt ſtrike upon 
the Kernel EF. 

7. Let GA and HD be the Rays which after Re- 
fraction touch the Sides of the Kernel E F, and let 
them be refracted again at B and C, emerging in the 
Lines BK, CK, crofling each other in the Point K. 
whole Diſtance from the Globule i is ſomewhat leſs than 
its Semidiameter, _ | 
8. Wherefore, If BK and DK be produced commas 
M and L, it follows, that no Light coming from the 
Sun through the Globule can proceed to the Eye a 
where placed within the Angle LK M, or rather in the 
* which that repreſents, ſuppoſing that the Obli- 

quity of the incident Rays HD and d GA is ſuch as 

U make the Arch QC and QB the greateſt poſſible; 

&e the laſt Note, Art. 5.) for then all the Rays _ 
rior to HD, G A, will be refracted nearer to Q, and 
after Emergence croſs each other in a Point i nearer the 
Globule than the former, and therefore cannot come at 


the Eye placed within the ſaid Cone LK M. 


9. Sup- 


77 ear and CD- 


9. Suppoſe now the Eye placed at N; and let NR, 

| "No, be drawn parallel to LK and MK; then tis 

Plate plain, none of che Globules (the ſame as 5 
XLIV. within the Cone RN Q can come to the Eye at 

Fig. 5. Thus the Globules at O and P have their refracted 


1 Rays 4 f d and c including the Eye in the Cone of 
1 | Obſcurity : But other Globules, - which lie without the 
_ | QN R, as S and T, do not involve the Eye N 
i by the ſhady Cones 74 and Vn; and therefore ſome 
bY. - of thoſe Rays, which are more refracted than Ie or 2, 
LE will fall upon the Eye, and produce a luminous circular 
=  , Ring or Corona, including a dark Area within, and 
">" ' , whoſe Light outwardly decreaſes as it is more remote 
0 10. Much after a like Manner this great Man under- 


took to account for the Appearances of Afoct-Suns and 
Moc l- Moons, called Parhelia and Paraſelene or Corone ; 
which 1 ſhall not here detain the Reader with, becauſe I 
cannot help thinking the, Whole is but too much like a 
mere (though 3 Hypotheſis; having never ob- 


ſerved in any Hail-ſtones any ſuch opake Kernels, fo 
* regularly formed, and ſurrounded by ſuch regular Shells 
=, ol pellucid Ice as is here ſuppoſed. However the Reader 
_ will be agreeably entertained by peruſing Mr. Hugens's 
Learned Diſſertation on this Subject, printed at the End of 
1 his Dioptrics in his Opuſcula Poſtuma 
=_ N. B. I have let the Account . the Mthebration 


Light in the fixed Stars ſtand here, both in this and the 
following Volume, as it was in the firſt Edition; tho” 
the Methods of Reaſoning and Demonſtration by which 
It is ſupported are ſuch as upon a more nice Examination 
are by no Means ſatisfaQtory to myſelf, at leaſt I cannot 
reconcile them to the Notions I have of the Nature of 
Viſion, the Laws of Optics, nor the Accounts which 
have been given of Experiments made on this Subje by 
Perſons of no ſmall] Character, who feem to be as little 
inclined to take upon Credit, the Truth of this ugiver- 
ſally celebrated Doctrine (vel jurare in Verba) as * 
(See Annot. CXII. and CXLV. Art. 19, &c.) The 
Arguments which render this Diſcovery ſuſpected, 1 may 
take an Opportunity one time or other, to declare, ge: 
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